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I. Method of Cleaning Glassware 


By Witton R. Ear_e, senior cytologist, National Cancer Institute, National Institute of Health, 
United States Public Health Service 


During a series of investigations of the 
action of methylcholanthrene on tissue 
cells cultivated in vitro, the problem arose 
of how to clean satisfactorily the glass- 
ware used. Inasmuch as methylcholan- 
threne is apparently active in extremely 
slight traces, it was feared that the usual 
cleaning with soap, trisodium phosphate, 
or other detergents could not be relied 
upon to remove the agent. The use of 
dichromate-sulfuric acid cleaning solution 
was ruled out because of the unsatisfactory 
and erratic growth of cultures in glass con- 
tainers cleaned by this method, possibly 
owing to the adsorption of chromium 
salts by the glassware.! 

The method and apparatus finally de- 
veloped * for cleaning glassware with hot 
sulfuric acid with the admixture of a 
little nitric acid have proved quite satis- 
factory. The method seems to be par- 

1 Laug, ‘E. P.: Retention of dichromate by glass- 
ware. Indust. © Engin. Chem., Analyt. Ed., 6: 
771-112 (1934). 

2 Dr. B. B. Westfall, of the Division of Chemo- 
therapy, National Institute of Health, made some 
preliminary determinations on the rate of loss of water 
Jrom hot sulfuric acid, and it was on the basis of these 
determinations that the method was finally worked out. 
Dr. Jonathan L. Hartwell, of the National Cancer 
Institute, also made suggestions in regard to developing 
the method. The glass acid line was constructed by 


E. L. Schilling. 
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ticularly suitable for cleaning glassware 
used in biologic work where traces of cer- 
tain adsorbed material like chromium 
must be eliminated and where common 
detergents are unsatisfactory. The ap- 
paratus is shown in figure 1. 

A steam-jacketed duriron kettle with a 
capacity of about 13 gallons{is used. 
The kettle, which is equipped with pres- 
sure gage, steam-pressure reducer, con- 
densate outlet valve, and other fittings, 
operates at a steam pressure of 15 to 18 
pounds. 

The cleaning fluid reservoir (fig. 1) con- 
sists of four 20-1. pyrex bottles, each with 
its rubber stopper wired in. Each bottle 
is encased in a sheet-metal shield with 
soldered seams, which lessens the chance 
of breakage through an accidental blow 
and at the same time serves to reduce 
the danger from acid in case of failure of 
any unit of the glass reservoir. The bot- 
tles are connected with one another and 
with the kettle by glass tubing of 15-mm. 
outside diameter. The stopcock closing 

3 The kettle is manufactured by the Duriron Co., 
Dayton, Ohio, and can be furnished in-a larger size. 
According to the Handbook of Chemistry and Physics, 
23d edition, duriron, a resistant alloy, is composed of 


tron, 84.3 percent; silicon, 14.5 percent; carbon, 0.85 
percent; and manganese, 0.35 percent. 
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Ficure 1.—Diagram of apparatus used for clean- ¢ 
ing glassware with hot sulfuric and nitric acids. 
The sheet-metal shields around the acid reser- 
voir bottles and the canopy over the kettle are 
omitted in the figure. 


the acid line from the reservoir to the 
kettle is of 10-mm. bore through the plug. 
The glass inlet and outlet tubes of each 


bottle extend well below the rubber stop- 
per so that the acid never comes in con- 


tact with the stopper. The glass tubing 
into the kettle is so shaped that it conforms 
to the curvature of the wall of the kettle 
which thus supports it. 

The manometer indicates the amount of 
pressure or vacuum in the bottles. The 
fluid used in it is 80 percent sulfuric acid. 
Mercury should not be used because of the 
hazard of contaminating the acid. The 
manometer also serves as a safety release 
to limit the pressure or suction that may 
be exerted on the glass reservoir. 

Fragile glassware, glassware that must 
be heated slowly, or very heavy glassware 
should preferably be put in the kettle as 
the acid runs in from the reservoir. Lighter 
units or less fragile glassware may be put 
into a kettleful of hot acid. As with any 
hot acid solution, care must be taken to 
add nothing that is likely to form an 


explosive mixture. While water is never 


poured into the hot acid, frequently glass- 
ware that is either wet or contains 1 to 
2 cc. of water is placed in the hot acid 
bath. This has not proved hazardous. 

In heating the kettle, steam is first ad- 
mitted slowly through the needle valve, 
and only after the kettle is thoroughly 
heated is the main steam inlet turned on. 
In our work, where it is essential to destroy 
traces of carcinogens on the glassware, the 
heat is usually left on 1 day after the 
specific gravity of the acid indicates a con- 
centration of 80 percent or higher. The 
steam is then turned off and the kettle 
allowed to cool. When reasonably cool, 
the acid is returned to the reservoir and 
the glassware lifted out and rinsed. 

In removing the glassware from the ket- 
tle, the operator should wear rubber gloves 
and a rubber apron. Thin surgical gloves 
have been found to be better than the more 
cumbersome heavy acid cleaning gloves 
customarily used. 

Two kettles, each with its own reservoir, 
are used alternately so that one kettleful 
of clean glassware is ready for rinsing at 
the middle, the other at the end of the 
week. 

The cleaning solution leaves no residue 
from the oxidizing agent and can be used 
as long as desired, with the addition of 
sufficient sulfuric acid to make up what is 
lost, and a little nitric acid at each run. 
In our unit, the original acid is still in use 
after nearly 2 years and has received only 
enough fresh sulfuric and nitric acids to 
make up loss of volume. About 100 cc. 
of the latter is added per week. 

Glassware cleaned in this way and then 
well-rinsed in distilled water has now been 
used for long-term tissue cultures for over 
2 years and has shown no injurious action 
on the living cells. The results are far 
superior to those formerly obtained when 
glassware was cleaned in dichromate-sul- 
furic acid. 
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By means of the water aspirator any fluid 
in the kettle may be drawn over into the 
cleaning fluid reservoir; when it is desired 
to force the fluid back into the kettle, a 
low-pressure source of compressed air con- 
nected with the last bottle in the series is 
used. In our work, the source of com- 
pressed air is the laboratory air-pressure 
line. 

The cleaning solution is reagent-quality 
concentrated sulfuric acid diluted to ap- 
proximately 80 percent with distilled water. 
To each kettleful of sulfuric acid about 100 
cc. of concentrated reagent-quality nitric 
acid is added, and the whole is mixed by 
drawing the fluid into the reservoir and 
then discharging it into the kettle. When 
the mixture is allowed to stand in contact 
with air, it absorbs some water, but on 
being heated at 15 to 18 pounds pressure 
it loses water rapidly and reaches an acid 
concentration of about 82 percent, as de- 
termined with a hydrometer. When heated 


at this steam pressure, the fuming from 
the solution is slight, even after the addi- 


tion of more nitric acid. A light sheet- 
metal canopy, painted with asphaltum and 
fitted with a small exhaust fan, is sufficient 
to handle the fumes. 

In the early trials, concentrated sulfuric 
acid was used without dilution. However, 
heavy fuming resulted when the undiluted 
acid was heated, and when cool, the acid 
absorbed water from the air until the total 
volume was in excess of the capacity of the 
kettle. The use of 80 percent sulfuric acid 
is therefore advised. In some of the tests, 
30 percent hydrogen peroxide was used in- 
stead of nitric acid. As an oxidizing agent, 


it was satisfactory, but had the serious ob- 
jection that the liberation of minute 
bubbles of oxygen from the solution re- 
sulted in the spraying of tiny droplets of 
acid into the air. Its use was discontinued. 
The use of a lid on the kettle was likewise 
discontinued inasmuch as the tests showed 
that the lid slowed up the loss of water 
from the cleaning solution and consequent- 
ly interfered with its action. 

In other tests, steam at different pres- 
sures was used; a pressure of 9 to 14 pounds 
gave substantially slower cleaning action 
than did the pressure of 15 to 18 pounds 
finally adopted, while a pressure of more 
than 18 pounds resulted in a decided in- 
crease of fuming from the acid bath. 

The efficacy of this acid bath in the de- 
struction of methylcholanthrene was tested 
by taking small tubes containing 1-mg. lots 
of crystalline methylcholanthrene and 1- 
mg. lots of crystalline methylcholanthrene 
plus a little serum and subjecting them to 
the action of the various cleaning mixtures 
considered for use in the bath. It was 
found that with either 80 percent sulfuric 
acid plus the addition of a little 30 per- 
cent hydrogen peroxide or 80 percent 
acid plus a little nitric acid, charring oc- 
curred within a very few minutes at room 
temperature, with complete solution and 
clearing of the material on gentle warming. 

In cleaning glassware for biologic work, 
it should first be rid of any heavy metal 
salts before being placed in the kettle of 
acid, as an admixture of heavy metal 
salts would leave a residue in the acid that 
might possibly contaminate 
cleaned in the solution later. 


glassware 
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II. Photomicrographic Equipment 


By WILTON R. Ear .e, senior cytologist, National Cancer Institute, National Institute of Health, 
United States Public Health Service 


In this laboratory a great deal of trouble 
has been experienced in obtaining routine 
photographic records of tissue cultures. 
While the usua] commercial photomicro- 
graphic apparatus has been used for 
occasional photographs, when routine 
photographs of long series of living cultures 
held at 38° C. are desired the apparatus 
available has not been satisfactory. Often 
there has been too little assurance, until 
the negative has been processed, that a 
satisfactory record has been obtained. 

The general requirements for a photo- 
micrographic unit for our work are as 
follows: 

(1) In addition to photographing the 
usual histologic sections, it is essential that 
the apparatus be designed to take photo- 
graphs of cultures of Jiving tissue cells in 
Carrel flasks, on hollow ground slides, or 
in similar culture dishes, with the cells in 
their usual position under a layer of culture 
fluid. To do this, it is necessary to use an 
inverted microscope mounted vertically 
above the camera. 

(2) In order to use a wide range of 
magnifications with large plate sizes, it is 
essential that the camera have a bellows 
extension of at least 48 inches. To have 
this long extension and at the same time 
retain easy access to the microscope, a 
horizontal camera is required. Since the 
optical axis of the camera is thus at right 
angles to that of the microscope, the image 
from the microscope must be reflected into 
the camera. 

(3) Cultures under examination must 
be held at 38° C. during the photographic 


process. The whole microscope must 
therefore be enclosed in a 38° air bath, 
with adequate room in the bath for several] 
racks of cultures. To maintain even heat- 
ing, a thermoreguJator and air circulation 
of the bath are essential. 

(4) Since nearly all high-intensity micro- 
scope light sources are designed to burn 
with their optical axis in or near the hori- 
zontal, it is necessary to keep the axis of the 
light source horizontal and to reflect the 
light into the substage with the substage 
mirror. 

(5) Adequate sources of light are neces- 
sary for both low and high magnifications, 
with the light for the low magnifications, 
at least, under accurate intensity control 
while the image is under examination on 
the ground glass. 

(6) The range of objectives extends from 
a 100-mm. photographic objective down 
to the usual oil-immersion objective. The 
substage must handle very low power 
condensers. 

(7) The camera must take different 
standard sizes of plates up to 8 x 10 inches. 

(8) The whole assemblage should be 
mounted as a rigid unit in order to be free 
from vibration not only within itself but 
also from the floor. Construction must 
therefore be sufficiently heavy to damp 
out vibrations. 

(9) Maximum ease and rapidity of 
operation are essential. It is therefore 
necessary to extend the controls out to 
where they can be conveniently manipu- 
lated while the image on the ground glass 
is being examined. 
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Ficure 1.—General view of the photomicrographic unit. 


(10) Provision must be made for accu- 
rate determination of the correct exposure 
time.. Owing to widely divergent optical 
properties of different cultures, the means 
used must depend not on any system of 
arbitrary setting of the optics involved but 
on an actual measurement of the light 
reaching the ground glass. 


APPARATUS 


An attempt was first made to modify 
some model of photomicrographic appa- 
ratus obtained commercially. For the 
types examined, the modifications proved 
to be extensive and even with them the 
apparatus fe]] far short of what was wanted. 
It was therefore decided to build the unit 
desired. Commercial parts were employed 
wherever their use simplified the construc- 


tion. Figures 1, 2, and 3 are views of the 
photomicrographic unit constructed. 

The apparatus has now been in use for 
over a year. While it includes a number 
of specialized features unnecessary for gen- 
eral photomicrographic work, it has been 
found very satisfactory for the work for 
which it was designed, and a number of 
its features would probably be of great ad- 
vantage in more general photomicrog- 
raphy. In the following description al- 
though the exact details of construction 
are omitted, the general design and con- 
struction ' are outlined. 


1 Much of the mechanical design of the equipment was 
worked out by Dr. F. S. Brackett, formerly of this In- 
stitute. Other parts were designed and the whole unit 
was constructed under the supervision of Laurence R. 
Crisp, with the collaboration of the personnel of the va- 
rious shops of the National Institute of Health. 
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Microscope STAND 


No satisfactory model of inverted micro- 
scope could be found. The stand used 
(current model No. 5 Spencer stand, com- 
plete with circular graduated mechanical 
stage) was selected because it is simple and 
rigid; the substage and mechanical stage 
heads are conveniently located and fixed 
in position; the tension on the fine adjust- 
ments can be tightened by means of an 
adjustable screw head so that the micro- 
scope can be satisfactorily used in an in- 
verted position. The microscope was or- 
dered with the following special altera- 
tions: (1) Substage pinion and stage ad- 
justment heads operable from both sides 
of the microscope; (2) the substage rack 
lengthened to 6 inches; and (3) inclusion 
of an extra body slide-body tube assembly. 

A further alteration was made in our 
shops by inverting the stage. The stage 
was first removed; a metal saddle was 
made and fitted around the arm of the 
frame; the stage, in an inverted position, 
was bolted to the saddle and mounted so 
that the flat stage surface on which the ob- 
ject under examination would rest was at 
the same level on the frame as it had been 
originally. The machine work involved 
was probably the most exacting step in the 
whole construction, as great care was nec- 
essary to relevel the stage exactly. The 
general design of this altered stand is 
shown in figures 4 and 5. 

To hold a Carrel flask on this type of in- 
verted stage a special flask holder was 
made. The holder is shown in figure 6. 


BASE 


The base (figs. 1 and 2) consists of a 
concrete horizontal bench, from the rear 
of which near one end is a pillar. The 
bench supports the horizontal camera, 


while the pillar supports the microscope 


and its accessories. Concrete was used for 


FicureE 2.—Photomicrographic unit, seen from 
the microscope end. Note the arrangement of 
the microscope lamps and air circulation ducts. 


the base because of its cheapness, its rela- 
tive ease in handling, its great rigidity, and 
vibration-absorption properties. —The com- 
plete base and pillar were cast in situ as 
one unit in a plywood form. ‘The concrete 
was liberally reinforced in all three axes 
with \-inch deformed steel rods. After 
seasoning, finishing, and drying out, the 
concrete mass was painted. 

The whole base is supported and insula- 
ted from the floor by three pads of Vibra- 
cork 2 inches thick, so placed as to carry 
the mass on a stable three-point support. 
The area of these pads was calculated so 
that the load on each is approximately 
that recommended by the manufacturers 
as being optimal for vibration absorption. 


Microscope Bep PLATE 


A steel plate 4 x 14 x 16 inches long is 
securely fastened to the face of the pillar 
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Ficure 3.—Rear end of the camera unit. Note the electrical control panel, the extended control handles, 
and the rotary plateholder. The photoelectric cell on its support may be seen through the ruled 
focusing glass. 


near its top by four bolts inserted through Air Batu Housinc, Arr HEATING, AND 
preformed holes in the pillar. The base CIRCULATION 

of the microscope is securely bolted to this The general shape of the air bath housing 
plate. is shown in figures 1, 2, and 4. The 
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Ficure 4.—Close-up view of the front of the air-bath unit (with front removed) and mirror housing. 
The shutter is on top of the mirror housing. 


housing is made of *4-inch plywood; double 
glass windows are inserted in its front. 
Hand holes sealed with flaps of rubber 
sheeting 2 mm. thick are provided through 
which cultures may be manipulated. 
Racks of cultures can be inserted or re- 
moved through the small door (fig. 2) at 
one end of the housing. The housing is 
suspended from the heavy steel base on 
which the microscope is bolted. 

Two holes each 2 inches in diameter 
open from the top of the housing into an 
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insulated air duct which runs up to a small 
blower unit suspended from the ceiling of 
the room. From thence a duct is run 
down to the extreme diagonal corner of 
the air bath and opens into a small exten- 
sion of the latter (fig. 2). In this extension 
are four 200-watt projection bulbs covered 
with aluminum foil, which are used to heat 
the air bath. They are wired in pairs in 
parallel series to minimize the hazard of 
their burning out when in constant use. 
A series of deflecting louvers in front of 
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Ficure_5.—Detailed view of the inverted microscope assembly, showing the mechanism to extend _the 
controls, 














the bulbs (fig. 4) deflects the air flow so 
that the whole area of the bath is held to 
a temperature of 38.0° to 38.5° C, 

The air circulator (figs. 2 and 4) hangs 
from the ceiling. Its inlet and outlet are 
brought to within one-half inch of the open 
ends of the air ducts of the bath, and the 
ends of the ducts are then connected with 
the inlet and outlet of the air bath by 
wrapping with a single layer of thin latex 
rubber dam and over this one layer of 
light, soft cloth. This type of connection 
keeps any vibration of the air circulator 
from shaking the photomicrographic unit. 

The thermoregulator is of the enclosed 
mercury-in-glass type, which we have 
found can be relied upon to hold its setting 
over a number of years. 


SuBSTAGE MIRROR 


The substage mirror is removed from the 
microscope frame and suspended in a yoke. 
The yoke is suspended from the shaft of a 
worm gear about 3 inches in diameter 
(fig. 5). The gear, together with the worm 
actuating it, is supported by a bearing 
plate mounted from the top of the air bath 
directly above the miscroscope. The ex- 
tension of the horizontal shaft on which 
the worm is mounted is run out through 
the side of the air bath. The operation of 
the shaft rotates the mirror about a vertical 
axis. The circular mirror is suspended in 
its yoke by two diametrically opposed 
pivots so that the slope of the mirror can 
be changed at will. The angle of the slope 
is regulated by a tight-fitting, finely 
threaded screw which works through a 
threaded block mounted on the mirror 
yoke, and against the top upper half of the 
back of the mirror. The mirror is held 
firmly against the end of the screw by a 
small coil spring, one end of which is at- 
tached to a small hook on the upper edge 
of the mirror and the other end to the 
block through which the mirror-adjusting 


PHOTOMICROGRAPHIC EQUIPMENT 


Ficure 6.—Flask holder, to carry D 3.5 Carrel 
flasks in the mechanical stage of the microscope. 
The spring clips, 0.25 mm. thickness, are made 
of phosphor-bronze. 


screw is threaded. The handle extension 
of this screw is run out through the side 
of the air-bath housing. 


ILLUMINATING SYSTEM 


An incandescent ribbon filament lamp 
is satisfactory for all photomicrographic 
work with relatively low magnifications, 
since with this type of illumination the 
field is evenly lighted and the intensity 
can be easily controlled by a variable 
transformer of the Variac type in circuit 
with the lamp. At extreme magnifica- 
tions, however, the lamp should be sup- 
plemented with one of the enclosed-arc 
type. Figure 2 shows both of these lamps, 
mounted alongside each other on the hori- 
zontal shelf formed by the air bath. Care 
must be taken to adjust the optical axis of 
each lamp to the horizontal and to set the 
two optical axes at the same height; but 
once adjusted, a shift of the angle of the 
mirror about the vertical axis centers the 
light from either lamp on the substage 
condenser. 


CAMERA BED AND MOUNTING, AND 
Mrrror Housinc 


The general design of the camera is 
shown in figures 1 and 3. The bed of the 
camera consists of the 54-inch bed of a 
10-inch metal cutting Jathe? which was 
purchased complete with two carriages 
and rack, but without headstock and tail- 
stock assemblies and without screw-cutting 
worm. Both carriages are equipped with 


2 Manufactured by the Atlas Press Co., Kalamazoo, 
Mich. 








the cross slide of the tool rest but without 
the compound tool rest. One carriage 
was obtained with rack and with hand 
wheel and gear for working on rack, and 
the other without complete apron as- 
sembly. The complete lathe, or camera 
bed, is on the horizontal shelf of the con- 
crete base to which it is fastened by four 
bolts embedded in cups in the concrete 
base. An iron casting, the general shape 
of which is shown in figures 1, 2, and 4, is 
bolted to the front end of the lathe bed 
(end nearest the microscope). The lathe 
carriage with no apron assemblage is 
mounted on this iron casting, the slides 
of the carriage being transverse to the 
axis of the lathe; the carriage is then locked 
in this position. 

The camera mirror housing can be 
removed for cleaning or adjustment by 
moving it along the transverse slide of the 
carriage, or it can be moved along the 
slide and then rotated on its vertical axis 
so that the mirror can easily be reached for 
cleaning. The mirror is made of heavy 
glass, approximately 4 x 6 inches in size, 
aluminized on the front surface. It is 
mounted at 45° to the optical axes. The 
aperture on the microscope side of the 
housing through which light reaches the 
camera mirror from the microscope is cir- 
cular and is 3 inches in diameter. The 
aperture on the camera side of the housing 
is square, 4 x 4 inches in size. These 
holes are as large as possible in order not 
to reduce the angle of the cone of light 
from the microscope. On top of the 
camera mirror housing and closing the 
circular aperture is a Packard Ideal photo- 
graphic shutter (fig. 4) with a 3-inch 
opening. The rubber tubing and bulb by 
which the shutter is operated are run out 
to the ground glass end of the camera. 

The front end of the camera is rigidly 
mounted on the lathe carriage by a ver- 
tical steel standard bolted thereto (fig. 4). 
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The whole plateholder (rear) end of the 
camera is rigidly supported on the second 
lathe carriage. With the hand wheel 
actuating the lathe carriage rack and 
pinion movement, the carriage can be 
moved along the length of the bed, and 
with the lock it can be securely fastened 
at any extension along the bed (fig. 1). 
The bed is graduated in millimeters so 
that any desired camera extension can be 
read and accurately reproduced. 


BELLOWS AND BELLOWS MOUNTING 


The bellows allows a maximum exten- 
sion of 50 inches. At the front of the 
camera it is 8 inches square, while at the 
plateholder end it is 14 inches square (free 
inside size). A 14-inch square is suffi- 
ciently large to allow the complete rota- 
tion of an 8 x 10 inch plateholder without 
having the bellows cut the light reaching 
the corners of the plate. 


Rotrary PLATEHOLDER 


To align the image on the ground glass 
easily at any angle, the back of the camera 
is so designed that the ground glass and 
plateholder are rotary (fig. 3). The rear 
surface of the rear bellows support is 
closed by a metal plate %{ inch thick, 
held in place by knurled head set screws. 
Through the center of this plate is a hole 
14% inches in diameter, covered on the 
outside by a circular plate 17'4 inches in 
diameter and %, inch thick. This plate 
has a 10-inch square hole through the 
center and is mounted to the metal back 
of the camera by a series of clamps which 
reach in around the edges of the 14-inch 
hole in the back plate of the camera and 
hold the circular plate to the rear surface 
of the plate first described and yet allow 
it to rotate through an angle of 360°. 
Two of these clamps, on opposite sides, 
carry locking devices so that the rotary 
metal plate can be locked at any angle of 
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rotation. The angle can be determined 
or set by a graduated circle mounted on 
the first plate, and a pointer mounted on 
the outer side of the rotary plate. 

The rotary metal plate of this unit has 
a mount fitted on its outer side which 
takes the whole viewing back of a standard 
8 x 10-inch-view camera. A series of regu- 
lar commercial plateholder backs are used 
with this mount, taking plates 8 x 10, 
5 x 7, 4x 5, or 3% x 4% inches in size, 
thus permitting rapid interchange of plate- 
holders of different sizes. Each back car- 
ries its own ground glass of correct size 
for focusing that size plate. 


EXTENSION OF CONTROLS 


To support the beJlows and the extension 
rods of the controls, near the rear end of 
the camera a heavy angle-iron support is 
bolted onto the side of the concrete base 
and run up alongside the camera so that 
it just clears the camera and extends out 
over the camera body (figs. 1, 3). On this 
support a wooden panel, mounted over 
the camera, is tied by two %-inch steel 
rods to the side of the air bath facing the 
back of the camera. The bellows is sup- 
ported, at four points along its length, from 
metal hooks sliding along these rods. The 
wooden panel supports the extended con- 
trol rods which actuate the different con- 
trols of the microscope. These rods consist 
of thin-walled metal tubing ending in 
handles of convenient size and shape (figs. 
1 and 3). 

The extension of the various microscope 
controls offered a number of minor 
problems. To open and close the iris, a 
heavy linen thread is rigged to run through 
hooks on the inner walls of the air bath, 
out through a hole in its side, and through 
a hole in the standard over the camera, 
and terminates in rings of convenient size, 
white and black, to indicate opening and 








closing of the iris, respectively (figs. 3, 4, 
and 5). , 

The shaft controlling the rotation of the 
angle of the mirror about the vertical axis 
(fig. 5) runs out through the side of the air 
bath, where a universal coupling of the 
Curtis type connects it with a light-weight 
brass tube that extends out through the 
standard over the camera and ends in a 
handle. The contro) for regulating the 
angle of incline of the mirror is similarly 
arranged, as are the extension from the 
fine adjustment head of the microscope 
and the shaft for raising and lowering the 
substage (fig. 5). 

Some difficulty was experienced in 
running out the extensions for the coarse 
adjustment and for the mechanical stage. 
The coarse adjustment varies slightly in 
position on the microscope as the fine 
adjustment shifts; it was so Jow in the 
inverted microscope frame that if extended 
in a straight line it would not have cleared 
the back of the camera. A sprocket was 
therefore attached to the coarse-adjustment 
head by a flexible coupling, which allows 
the fine adjustment to work through its 
range unhampered (fig. 5). The sprocket 
is linked to another sprocket mounted 
from a support on the microscope bed 
plate and at such a height from the camera 
base that the shaft of the second sprocket 
clears the top of the camera. The exten- 
sion of the shaft of the second sprocket is 
carried out of the air bath by a flexible 
coupling and extension tube, as was done 
with the mirror control. The sprockets 
have a ratio of 2:1. 

The extension of the mechanical stage 
controls along their original axes would 
also have interfered with the back of the 
camera. The line of extension of the con- 
trol rods had to be lifted a short distance 
to clear the back of the camera. To do 
this, the knurled head of each stage move- 
ment shaft was removed, and in its stead 


a light brass wheel several inches in 
diameter was substituted (fig. 5). Each 
brass wheel has a corrugated rim %. inch 
wide, and each is actuated by friction 
with the rubber friction rim of a smaller 
wheel supported by a pillar from the 
microscope plate. The shaft of 
each rubber-rimmed wheel is extended 
outside the air bath by universal joints of 


base 


the Curtis type. 

With these various mechanisms, once 
the object is placed on the stage of the 
microscope, all adjustments of the micro- 
scope can be made from the rear of the 


camera while holding the image under 
4 


examination in the ground glass. 
ELECTRICAL CONTROLS 


All electrical controls for the lights are 
also carried out to a panel alongside the 
rear of the camera and within easy reach 
while the operator is viewing the object 
The controls 
include (1) a master radio-type switch 
opening or closing all circuits, (2) a heavy- 
duty radio-type switch for turning the 
enclosed arc lamp on or off, and (3) the 
circuit for the ribbon filament lamp. This 
circuit includes a radio-type switch and a 


on the ground glass (fig. 3). 


Variac type transformer which has a range 
from complete extinction to full brilliance 


of the lamp. 
PHOTOELECTRIC ExposuRE METER 


To control the exposure time, a modi- 
fied form of the photoelectric-cell unit 
previously described is used. A Photovolt * 
glass-protected, bakelite-encased photo- 
electric cell, 1% inches in diameter, is 
mounted just in front of the ground glass 
of the camera (fig. 3) and is supported by a 
metal arm controlled by a handle extend- 
In this 


way the cell can be swung to the center of 


ing from the back of the camera. 


3 Manufactured by the Photovolt Corporation, 95 
Madison Ave., New York. 
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the field; and after a reading is taken, it 
can be swung entirely clear of the area of 
the photograph. The cell is connected by 
a light, flexible, electric line with a Leeds & 
Northrup 2500A galvanometer suspended 
from the wall of one side of the room, and 
illuminated by an enclosed galvanometer 
lamp so that a ray of light is reflected from 
the galvanometer mirror to a graduated 
scale on the wall opposite. The scale is so 
placed that it is in front of the operator 
while viewing the object on the ground 
glass and while adjusting the variable 
transformer of the light source or the sub- 
stage condenser. As the author previously 
pointed out (7), such a photoelectric meter 
allows a determination of the light inten- 
sity reaching the plate through any selected 
area of the object being photographed. 
This eliminates any corrections for bellows 
length, objective, ocular, or other altera- 
tions in the optical system, with the sole 
exception that a correction is needed if a 
color filter is used, or for stained slides, or 
other brightly colored objects. 

The switch for the galvanometer lamp 
and the switch in the galvanometer circuit 
are also mounted on the electric control 
panel. 


DISCUSSION 


Many, if not the majority, of the diffi- 
culties encountered in the construction of 
this apparatus arose from the necessity 
of using the inverted microscope system, 
which in turn was necessitated by the con- 
struction of apparatus to handle living 
tissue cultures. Where the inverted micro- 
scope is not necessary, it is more satisfac- 
tory to have an entirely horizontal photo- 
micrographic unit. Whichever one is em- 
ployed, the mounting of the whole appa- 
ratus as a unit on a heavy base insulated 
from the floor and the use of a heavy lathe 
type bed for the camera unit give a 
stability that greatly facilitates operation. 
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The use of a long bellows, the extension of 
the controls out to the ground glass, differ- 
ent-size interchangeable plateholders ro- 
tary through 360°, easily interchangeable 
sources of light, the control of light inten- 
sity, and the incorporation of a satisfactory 
photoelectric exposure meter are all fea- 
tures which could profitably be incorpo- 
rated into the heavy duty photomicro- 
graphic equipment. 

Particularly in the extension of the con- 
trols out to the ground glass, the exact 
devices will vary greatly with the design 
of the apparatus. In a number of in- 
stances, e. g., the chain-and-sprocket con- 
trol of the coarse adjustment, the means 
used to effect the various controls have 
Even with such 
defects, the time saved and the ease and 


been relatively crude. 


accuracy with which the object can be 
regulated while under observation on the 
ground glass have more than compensated 
for the shortcomings of the mechanism. 
When an entirely horizontal photomicro- 
graphic unit is used, a number of the 
devices can be much simplified. For 
instance, the stage controls and the focusing 
and substage controls can all be accom- 
plished by the simpler and possibly more 
satisfactory control used on our micro- 
cinematographic equipment (2). 


One point should be emphasized with 
regard to the photoelectric cell used. 
While the use of a photoelectric cell of 
large diameter increases the sensitivity of 
the photoelectric readings, the diameter 
has been kept to a practical minimum. 
The reason is that frequently in micro- 
scopic preparations it is necessary to get 
correct photographic exposure in a very 
dense area of limited size, surrounded by 
one of high light transmission, as for 
example, a small, very dense culture sur- 
rounded by clear plasma clot. With a 
small photoelectric cell, the surface of the 
cell may be entirely covered by the image 
of the dense area, and a correct reading of 
the light can easily be obtained. The 
active surface of a large cell could not be 
correctly covered by the image of such an 
object, with the result that light flooding 
into the cell in an uncovered area could 
easily give such an erroneous value that 
the photographic record would be ruined. 
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Pr oduction of Malignancy in Vitro. 


III. Microcinematographic Equipment 


By Witton R. Ear_e, senior cytologist, National Cancer Institute, and LAURENCE R. Crisp, 
associate mechanical engineer, National Institute of Health, United States Public Health 


Service 
INTRODUCTION 


In a study of the action of methylcholan- 
threne on living fibroblasts in vitro, it 
became necessary to examine such phe- 
nomena as rate and manner of cell cleav- 
age and migration. The only practical 
way was to study them by means of micro- 
cinematographic records, but the proce- 
dure was complicated by the fact that to 
eliminate the influence of variation in tem- 
perature, age, culture medium, etc., all 
studies had to be made using the behavior 
of normal cells as a control. This necessi- 
tated simultaneous microcinematographic 
records of normal and treated cells. A 
comparison or double microcinematograph 
was therefore devised.’ Since the equip- 
ment includes a number of features which 
the authors have not seen described and 
which contribute materially to its useful- 
ness and ease of operation, it is described 
in the present paper. 

The equipment was designed to meet 
the following requirements: 

(1) To obtain the greatest possible de- 
tail, the apparatus is constructed to handle 
35-mm. film. 

(2) Since the microcinematograph is 
used primarily in the study of carcinogen- 
treated cells with untreated cells as con- 
trols, it is necessary to have paired optical 
systems, lights, lenses, and cameras so that 
two cultures can be photographed simul- 


1 The design of a number of units in the apparatus 
was suggested by Dr. F. S. Brackett, formerly of the 
National Institute of Health, and the construction was 
carried out by the personnel of the various shops of the 
Institute. 





taneously under identical conditions. This 
necessitates complications in the mechan- 
ical design. 

(3) To hold the cultures at 38.0° C., the 
two microscopes are enclosed in a constant 
temperature bath sufficiently large to hold 
two racks of cultures also. Heater, ther- 
mostat, and air circulator are essential to 
insure constant temperature over an ex- 
tended interval, and a written record of 
the temperature during the interval of any 
one film necessitates a thermograph. 

(4) Photographs must be made of tissue 
cultures in both slide preparations and 
Carrel flasks. Since each culture must be 
kept in its normal position with the cells 
under a layer of culture fluid during the 
process, it is necessary to have each micro- 
scope of the inverted type, supported over 
its own camera. As the cameras and their 
equipment have a heavy power drive, it 
was decided to hold the cameras at con- 
stant height to avoid mechanical difficul- 
ties. The whole microscope-air bath-lamp 
assembly could then be supported above 
them from two parallel vertical lathe beds 
and adjustable to a variable height, while 
the cameras were carried below them on 
a third lathe bed, this one horizontal. 

(5) The exposure frequency must range 
from one frame per second to one frame 
each 2 minutes. The range limits are held 
to the greatest that would probably ever 
be needed. Frequencies greater than one 
per second were therefore purposely ex- 
cluded as this rate threatened trouble from 
vibration and entailed substantial addi- 
tional cost. 
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(6) The range of magnification must ex- 
tend from 20 X up to that reached with 
oil-immersion lenses. The substage must 
therefore handle both low- and high-power 
condensers. 

(7) Some type of observation ocular or 
beam splitter is necessary between micro- 
scope and camera to insure correct center- 
ing and focusing of the image and to keep 
it under observation while the apparatus 
isrunning. This must be of such type that 
the limits of the ocular field coincide with 
those of the motion-picture frame. Sharp 
focus in the ocular must coincide with that 
on the film regardless of the objectives or 
oculars and the projection distance used. 
The beam splitter must handle satisfac- 
torily the image from objectives without 
oculars and also that from Homal type 
oculars. The observation ocular of the 
beam splitter must be fixed at a height 
convenient for the seated operator. The 
unit should therefore be locked on the 
camera rather than the microscope. 

(8) An exact record must be made of 
the time each photograph is taken. 
Hence the image of a clock should be in- 
serted in the corner of each frame. 

(9) Much of the work with this unit 
involves runs of 12 hours or longer. In 
such long runs, it is a common occurrence 
for the cell or cell groups under observa- 
tion to migrate out of the field; provision 
must be made to compensate this migra- 
tion and to hold the image in the field 
without any interruption to the film. As 
any disturbance of the object on the 
microscope stage would result in interrup- 
tion or irregularity of the image on the 
film and as the camera is relatively in- 


sensitive to movement, it is more prac- 
ticable to shift the camera rather than the 
object. 
to change the position of the camera is 
to use the automatic lateral and trans- 
verse shifts of the lathe carriage. 


The easiest and most accurate way 


This 
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mechanism must be synchronized with the 
cameras so that at each revolution of the 
camera shutter the camera moves a pre- 
determined lateral or transverse distance. 
The camera movement is made possible 
with the use of the lathe worm screw and 
its various accessories. —The manual con- 
trols of the lathe are also used in centering 
the image in the frame preparatory to 
starting the camera. 

(10) Since the cultures under investi- 
gation are almost certainly photosensi- 
tive, it is essential that the light be on them 
as short a time as possible. Except when 
light is needed for focusing or for forming 
the image on the film, the cultures should 
not be illuminated. It was therefore de- 
cided to control the exposure by the time 
the light is on rather than the time the 
camera shutter is open. 

(11) Furthermore, the probable photo- 
sensitivity of the cells necessitates the use 
of relatively photographic film. 
Hence the exposure must be short or else 
the image as seen through the observation 
ocular of the beam splitter is too dim for 
focusing. In addition to the regular inter- 
vals of exposure of the film, some device 


rapid 


is needed for turning the lights on for 
focusing at will during the intervals the 
camera shutter is closed. 

(12) The whole unit must be so con- 
structed that the optical systems are ade- 
quately insulated from the floor and from 
vibration of the motor driving the unit. 
The microscopes in particular must be 
carefully insulated since they are most sen- 
sitive to vibration. Microscopes and cam- 
eras must be rigidly mounted in relation 
to each other so that no internal vibration 
or motion will cause displacement or alter- 
ation of the image on the film. Normal 
handling of the apparatus, either for re- 
focusing a lens, recentering the object, or 
any other such adjustment, must cause no 
displacement or loss of sharpness of the 
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image on the film. Hence it was thought 
best to have the whole double optical sys- 
tem mounted on one concrete mass shaped 
as a combined base and pillar and to have 
the motor and gear-reduction mechanism 
mounted separately; also the air circulator. 

(13) All controls, including electric con- 
trols, should be within easy reach of the 
operator regardless of the position of the 
microscope above the camera. 

(14) Means should be provided for reg- 
ulating the intensity of light reaching the 
object without altering the diaphragm or 
condenser settings. This may be done 
with a Variac type transformer in each 
light circuit. 

(15) Once the correct period is deter- 
mined for any frequency of exposure, the 
light must be set to the correct intensity 
for similar runs, without the necessity 
of processing trial film strips. Because 
of the variations of different cultures, a 
photoelectric exposure meter reading ac- 
tual light intensities that must reach the 
film is required. 


APPARATUS 
BASE AND PILLAR 


The base and pillar (figs. 1 and 2) were 
cast in situ from concrete in a plywood 
form. The mass was liberally reinforced 
in all three axes with \-inch deformed 
steel rods, and when dry, seasoned, and 
finished, it was painted. This structure 
stands with the back of the pillar about 8 
inches from one wall of the room. ‘Two 
1-inch bolts at the top of the pillar pass 
through the wall and are insulated from 
it by 2-inch thick cork pads. The nuts on 
the bolts are left somewhat loose. Ar- 
ranged in this way the bolts serve to elimi- 
nate any hazard of tilting the unit while 
in construction, and at the same time they 
do not transmit vibration from the wall to 
the pillar. The base rests on pads of Vi- 





bracork 2 inches thick, one under each 
corner: under the pillar is a group of smali 
pads. The space between these pads is 
filled with softer cork sheets pushed loosely 
under the concrete mass; the real load, 
however, is carried by the Vibracork pads, 
the softer cork merely serving as a reserve 
cushion to prevent the tipping of the base 
in case the Vibracork pads should be dam- 
aged. Rectangular holes through the base 
reduce the weight of the unit to floor-load 
tolerance. 


VERTICAL LATHE-TRACK ASSEMBLIES 


The beds from two 10-inch metal cutting 
lathes 54 inches long were used for the 























SCALE Li = FFT. 


Ficure 1.—Base and pillar. Note holes for bolts 


to anchor pillar to the wall and to attach the 
vertical lathe beds. 
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Ficure 2.—Front view of complete assembly. Insulating doors covering the windows and hand holes 
of the air bath are closed. A, Flexible shaft, with hand wheel for raising and lowering air-bath 
assembly; B, chain actuating carriage lock; C, Sheave assembly. 


vertical track on which the whole micro- 
scope-air bath-light source assembly slides 
(fig. 2). The two lathe beds were ob- 
tained with one carriage each but with no 
headstock or tailstock assembly, compound 
slides, or screw cutting worm. One car- 
riage was obtained with complete apron 
assembly and rack and pinion, the other 
without this equipment. Both carriages 
have the usual carriage locks. 

The lathe beds are fitted with limit stops 
so that the carriages cannot run off at 
either end. In setting up the apparatus, 
the hand wheel operating the pinion of 
the rack and pinion on one Jathe bed was 
removed and a brass bevel gear with 
¥-inch face and a diameter of 4 inches 
was substituted. To actuate this gear a 
matching bevel gear 1 inch in diameter is 


used. This Jatter gear is mounted in a 
yoke on the lathe carriage and pinned on 
the end of a flexible shaft core about 48 
inches long. The other end of the shaft 
core is pinned to the hand wheel, and the 
lower end of the shaft casing is fitted with a 
handle (fig. 2, A). By turning the hand 
whee] with one hand while holding the 
handle of the flexible shaft casing with the 
other, the pinion working on the lathe rack 
can be actuated and the carriage moved 
along the length of the lathe. 

The two Jathe tracks are mounted 
vertically on the two vertical members of 
the pillar. In this position, the flexible 
shaft that motivates the carriage of the 
left Jathe hangs down alongside the lathe 
track. The track centers are 17 inches 
from each other, and the tracks are 








a 
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shimmed up until roughly parallel and in a 
vertical position. The carriages are rigidly 
connected with each other by a cold-rolled 
steel plate, 1 x 10 x 36 inches, which is 
laid flat against their surfaces and bolted 
to them. The two Jathe tracks are so 


adjusted that the carriage and 


plate 





assembly wil) slide easily along them with- 
out binding. 

The head of the screw actuating each 
carriage lock is fitted with a double lever 
arm about 6 inches long, at each end of 
which a flexible chain is attached (fig. 
2, B). By a pull on one chain the carriage 


FicurE 3.—Front view of the right-hand microscope assembly within air bath. Air inlet and outlet ducts 
and heating unit are also shown. A, Bracket supporting gears. When at rest the gears are entirely 
disengaged; B, Linen threads operating iris; C, Water cell and filter rack of lamp; D, Thermometer; 
E, Thermograph bulb. The thermostat bulb is similarly placed at the other end of the bath; 
F, Substage mirror yoke; G, Spur gear carrying mirror yoke; H, Metal plate supporting the whole 
mirror shaft assembly; J, Small spur gear controlling mirror rotation; 7, Shaft regulating the tilt 
of mirror; K, Threaded block supporting mirror-tilt-control block; Z, Mirror lever arm; M, Air 


inlet tube; V, Heater lamps; O, Air exit slot; P, Air exit duct; Q, Clamp holding tiller rope. 
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can be locked anywhere along the Jength 
of the lathe track, while a pull on the 
other chain releases the lock. 


Microscope BED PLATE AND MICROSCOPES 


The steel plate bolted to the carriages is 
used as a bed plate for the two micro- 
scopes, which are so arranged that the 
optical axis of each is parallel to the Jathe 
track and 7 inches from the corresponding 
Jateral end of the bed plate. The toes of 
the microscope bases are about 1 inch from 
the top edge of the plate, to which the 
microscopes are securely fastened with 
bolts through previously drilled holes in 
the toes and the heel of each microscope 
base and threading into tapped holes in the 
plate (fig. 3). 

The microscopes are the current Spencer 
No. 5 model, with rotary mechanical 
revolving stage and control knobs on both 
sides of the stage. The special substage 
rack and pinion have a total vertical range 
of 6 inches. As in the photomicrographic 
unit? the substage mirrors were lifted off 
the frames and the stages inverted in our 
own shop. 

The method of extension of the controls 
of the coarse and fine adjustments, the 
substage rack and pinion, and the two cross 
motions of the mechanical stage may be 
seen from figures 3 and 4. One 
knurled head was slipped off each of the 
control shafts of each microscope; the sub- 
stage pinion and one stage control knob 
on the left were slipped off the microscope 
frame on the right; the coarse and fine 
adjustment heads and one stage control 
head were slipped off the right side of the 
microscope. This arrangement eliminates 
any interference of the extensions with 
each other and with the camera and per- 
mits a distribution of the controls which 
is convenient for the operator (fig. 4). 


2 Fare, W. R.: Production of malignancy in vitro, 
I], Photomicrographic equipment. 7. Nat. Cancer Inst., 
4: 135-145 (1943). 





For each microscope adjustment shaft, 
a small L-shaped bracket is used which 
carries a carefully fitted bearing for the 
shaft to pass through the vertical portion 
of the L, while a similar bearing for a %,- 
inch shaft passes vertically through the 
lower member of the bracket. Once the 
microscope shaft is slipped through the 
horizontal bearing, a brass bevel gear 2 
inches in diameter with a %.-inch face and 
64 teeth is fixed on the end of the shaft, 
where the knurled head was formerly, and 
holds the bracket on the shaft. ‘This bevel 
gear is actuated by another with 16 teeth. 
The second bevel gear is fastened by a 
set screw on the upper end of a %{,-inch 
shaft that is carried out through the lower 
bearing of the L bracket, through the 
floor of the hot box, and ends 1 to 3 inches 
below the floor, the exact length being 
controlled by the convenience of grouping 
the shaft ends for the operator. On the 
lower end of each shaft is an easily remov- 
able knurled head 1 inch in diameter 
(fig. 4, A). 

The vertical distance from the top of the 
lower bearing of the L bracket to the hori- 
zontal bearing is sufficient so that when at 
rest the 16-tooth gear does not touch the 
64-tooth gear (fig. 3, A). To move the 
64-tooth gear, the vertical shaft is lifted 
slightly which engages the teeth of the 
gears, after which the microscope adjust- 
ment can be controlled by turning the ver- 
tical shaft. To facilitate the operation and 
increase the accuracy of this device, two 
collars are placed on each vertical shaft, 
one above, the other below, the floor of the 
air bath. The lower collar (fig. 4, B) is set 
in such a way that when the shaft is raised 
to enmesh the gears, the collar strikes the 
lower surface of the air-bath floor and 
restricts the upward thrust of the shaft, 
thus spacing the gear teeth the correct 
distance from each other for easy move- 
ment. The upper collar is so set that, 
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Ficure 4.—Lathe carriage, camera, watch assembly, and observation ocular. A, Extended microscope 
controls; B, Limit collar on control extension shaft; C, Saddle supporting camera; D, Hand wheel of 
lathe carriage; E, Hand lever controlling transverse movement; F, Observation ocular; G, Clutch 
controlling travel of lathe worm; H, Clutch controlling lateral motion of lathe carriage; J, Clutch 
controlling transverse motion of lathe carriage; 7, Watch image mechanism, body tube; A, Watch 
image mechanism, lamp housing; ZL, Watch image mechanism, actual watch. 


with the vertical shaft at rest, the weight 
of the whole shaft assembly rests on the 
collar which in turn rests on the upper sur- 
face of the air-bath floor. All strain on the 
microscope is therefore eliminated, and 
when not in use the microscope adjust- 
ments are left disengaged. 

Where the projection distance from ocu- 
lar to camera is short, the controls can be 
operated easily; but where the distance is 
so long that handling of the controls is tire- 


some or impossible, the knurled knob is 
slipped off the lower end of each vertical 
control shaft, and the shaft lengthened by 
fastening to its lower end a sleeve carrying 
an extension of the proper length for easy 
operation and locking the knurled knob on 
the lower end of this shaft extension. 

Two threads are rigged to each iris lever 
so that when one or the other is pulled, the 
iris is opened or closed, as the case may be 
(fig. 3, B). 








Arr BATH 


Figures 2 and 3 show the design of the 
air bath. The whole bath is supported by 
clamps bolted on the microscope bed 
plate. The wall is made from %-inch 
plywood, insulated on the outside with 
-inch celotex; the front has four hand- 
holes closed by cloth flaps and has double 
glass windows inserted wherever possible. 
The windows and handholes are covered 
by swinging hinged doors of celotex to 
prevent further loss of heat, when the ap- 
paratus is not in use. The front is hinged 
at the top to allow periodic cleaning of the 
microscopes. 

The control extension rods pass through 
accurately centered holes in the floor of the 
air bath. The ocular and body tube as- 
sembly passes through a 3-inch hole (figs. 
3 and 4) closed by a chamois sleeve the 
upper end of which is clamped to the body 
tube and the lower end sealed to the floor 
of the bath. This sleeve is so arranged 
that the whole ocular tube and body tube 
collar can be slipped out of the body tube 
from outside the air bath so that the micro- 
scope can be used without ocular, or a 
collar carrying a Homal ocular can be 
slipped in. There are holes through the 
end of the bath for the optical systems of the 
two lamps (fig. 3, C), for the linen iris- 
control threads (fig. 3, B), for the inser- 
tion of thermometers (fig. 3, D), and for 
thermograph and thermostat bulbs (fig. 3, 
E). There are also holes through the top 
of the bath for air ducts of the air circula- 
tion system. 


SupsTAGE Mirror MounrTINnG 


The substage mirror of each microscope 
is suspended by diametrically opposed 
pivots in a yoke (fig. 3, F), whichis mounted 
on a spur gear 5 inches in diameter (fig. 
3, G). The yoke is so placed that the 
optical center of the mirror coincides with 
the center of rotation of the gear on its 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 





shaft. The spur gear is supported by a 
short shaft which in turn is suspended from 
and free to turn in a bearing carried by a 
metal plate (fig. 3, H) attached to the top 
inner surface of the air bath. The spur 
gear, which has about 100 teeth, is actu- 
ated by a smaller spur gear (fig. 3, 7) on 
a shaft similarly suspended from a bearing 
in the roof plate. This second shaft ex- 
tends through the air-bath floor, and its 
end is fitted with a knurled knob which 
controls its operation. By turning it, the 
mirror can be rotated on its vertical axis 
and so adjusted as to illuminate the field 
evenly. 

The tilt of the mirror is regulated by a 
shaft (fig. 3, 7) with a control knob below 
the bottom of the air bath. This shaft 
passes upward through an arc-shaped slot 
in the floor of the bath. The finely 
threaded upper portion of the shaft fits 
rather tightly into a threaded split block 
(fig. 3, K) supported from the spur gear 
carrying the mirror. The upper end of 
the rod presses on a small lever arm (fig. 
3, L) on the lower edge of the rear of the 
mirror frame so that, as the rod is threaded 
in, the mirror is tilted at an increasingly 
great angle. This Jever arm is _ held 
against the threaded rod by a small coil 
spring. 


HEATER AND ArIR-CIRCULATION SySTEM 


Some difficulty was experienced in ob- 
taining even heating of the whole active 
area of the air bath. The system devised 
might be simplified in minor points, but 
on the whole it has proved satisfactory. 

The air circulator is a small blower 
(fig. 2) supported by a rubber-insulated 
bracket on the wall of the room. The 
bracket also supports the distal ends of two 
flexible wire-reinforced cloth and rubber 
hose about 1% inches in diameter so that 
the distal ends of the hose clear the inlet 
and outlet, respectively, of the air circu- 
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lator by about one-half inch. The hose 
connections to the circulator inlet and 
outlet are completed by a single layer of 
thin rubber dam with a layer of thin cloth 
over it. 


Thus transmission of any vibra- 
tion from the motor to the microscopes is 
eliminated. The two hose are wrapped 
with a 2-inch thickness of cotton as heat 
insulation, and the whole is encased in a 
light cloth sheath. The other ends of the 
hose are attached to the air inlet and air 
outlet, respectively. 

The air inlet of the air bath is a 2-inch 
light metal tube (fig. 3, M) which passes 
down through the roof of the air bath in its 
midline and near the rear side; its lower 
end is closed and anchored to the bath 
floor. About 2 inches from the lower 
surface of the top of the bath are two rows 
of half-inch holes to allow passage otf air 
into the bath. Just below them, in a semi- 
circle around the air inlet tube, are four 
200-watt tubular projection bulbs wired in 
parallel series (fig. 3, V)) which are covered 
with aluminum foil to eliminate any light. 
These bulbs are the primary heater unit. 

On leaving the bath, air passes through 
two slots, one at each end of the bath (fig. 
3, O), into very much flattened ducts 
(fig. 3, P) upward toward the top, and 
thence into two 1%-inch circular outlet 
ducts through the roof of the bath. The 
two outlet ducts (one from each end of the 
bath) are united and open into a small 
plywood housing, about 10 x 10 x 10 
inches, on the roof of the bath. The hous- 
ing, which is lined with transite, contains 
a heater unit similar to that inside the 
bath. From the housing an air outlet is 
joined to the flexible hose to the air circu- 
lator intake. Both the housing and the 
ducts on the roof are heavily insulated 
to reduce loss of heat. They cannot be 
seen in the figures, although their general 
shape may be inferred from the contours 
of the insulation wrapping in figure 2. 








To keep an accurate record of the heat- 
ing of cultures under examination, a ther- 
mometer which may be read from outside 
the air bath is mounted near the stage of 
each microscope (fig. 3, D). A written 
record of the heat is kept by means of the 
thermograph on the wall (figs. 2 and 3, E). 
The bulb of the thermograph is at stage 
level on one microscope, while the bulb of 
the thermostat is near the stage of the other 
microscope. 


COUNTERWEIGHTING AND SUPPORT OF AIR- 
Batu AssEMBLY 


The complete microscope-light-air bath 
assembly was first carefully weighed; then 
a thin, rectangular counterweight box was 
constructed of sheet metal of such dimen- 
sions that it could rise and fall freely when 
suspended in the rear of the pillar. A 
sheet metal guide was bolted to the pillar 
so that the counterweight always clears 
the wall. The counterweight box was 
filled with sufficient melted lead to counter- 
balance the whole microscope assembly, 
and a hook was embedded in the lead near 
each end of the box. Two flexible steel- 
wire tiller ropes were attached to the hooks 
and passed up over front and rear paired 
sheaves in angle-iron supports on the top 
of the concrete pillar (fig. 2, C). The 
front sheaves are at such a distance from 
the front of the pillar that the tiller ropes 
passing over them extend down toward 
the air-bath assembly in line with the 
front-rear center of gravity of the whole 
air-bath assembly. The ends of the ropes 
are attached to the assembly by steel 
clamps attached to the steel bed plate 


(fig. 3, Q). 
PRrojecTION DisTANCE SCALE 


In order to reproduce exactly any optical 
projection distance, the case of a small, 
spring-controlled metal roll tape, grad- 
uated in millimeters, is rigidly attached to 
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the botton of one of the lathe tracks while 
the free end of the tape is attached to the 
lower edge of the air bath. The projec- 
tion distance is read by means of a pointer 
mounted on the tape casing. 


CAMERA BED 


The top of each of the two projecting 
arms of the concrete base is covered with 
a layer of soft sheet rubber one-eighth 
inch thick, on top of which is a steel plate 
1x 10x 15 inches. The lathe bed carry- 
ing the camera rests on and is bolted to 
these steel plates. When so placed, the 
weight of the bed holds it securely in 
position, and the rubber sheet protects the 
microscopes from any slight remaining 
vibration from the drive shaft. 

The lathe bed used to support the 
cameras is similar to those previously de- 
scribed but is fitted with complete worm- 
gear assembly, clutch, and change gears 
used to drive the worm. It has also two 


carriages, each with complete apron as- 
sembly and with the tranverse movement 
of the tool rest. The graduated hand 





OIAPHR. 'S-i-F 
arentone Me 


lever from the front of the lathe (fig. 4) 
controls this movement. Each carriage 
is fitted with the usual carriage lock. 


CAMERAS 


Model D Universal 35-mm. motion- 
picture cameras, each capable of taking 
400 feet of film (fig. 4), are used. The 
cameras were first stripped of all unnec- 
essary accessories such as the film dissolve 
and film reverse, and the shutter of each 
was locked at 180° aperture. The camera 
drive, watch-image assembly, observation 
ocular, and necessary brackets to carry 
the motor drive were all fitted before 
being mounted on the lathe carriage. 

One camera is mounted in a U-shaped 
saddle built up from  cold-rolled-steel 
strip, on the transverse slide of each lathe 
carriage (figs. 2, and 4, C). Either 
camera can be moved along the length 
of the lathe bed by its lathe carriage hand 
wheel (fig. 4, D), while the front and the 
rear position can be controlled by the 
hand lever (fig. 4, £) controlling the trans- 
verse motion of the lathe carriage. 


Ficure 5.—-Observation ocular unit. 
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OBSERVATION OCULARS 


Figures 4, F, and 5 show the general 
design of the observation oculars. Each 
ocular consists of a cube-shaped prism, 
with a 50-mm. face, split and silvered 
along its hypotenuse so that 10 percent of 
the light entering the top is reflected to 
the front, while 90 percent goes through 
the prism unchanged. The light beam to 
the front is viewed with a Bausch & Lomb 
3.5 focusing glass adjusted and held in 
a supporting tube. This glass was selected 
because of its convenient magnification, and 
because its lenses are of such diameter that 
it will give an image that will include all 
of a 35-mm. frame. The exact limits of 
the frame were defined by means of a dia- 
phragm, with an aperture the size and 
shape of one film frame, inserted at the 
focal plane of the focusing glass. 

The ocular unit is mounted on the 
camera and so adjusted that the field 
shown in the side eyepiece is identical 
with that shown in the film. It is ad- 
justed so that the distance from the optical 
center of the cube prism to the film is the 
same as that from the center of the prism 
to the focal plane of the focusing glass 
(fig. 5, A and A’). When so adjusted, 
the image seen through the front ocular 
coincides with that on the film, both in 
position and sharpness of focus, regardless 
of the distance from the microscope ocular 
to the film. Because of the very large 
prism held in fixed relation to the camera 
film, this design of ocular allows the use 
either of microscope objectives with Homal 
oculars or of photographic objectives 
without oculars. 

In a few instances internal reflections 
were noted with the observation ocular 
when the ocular of the microscope was very 
close to it. These reflections were elimi- 
nated by a limiting aperture diaphragm 
shaped like a film frame and introduced 


about 1 cm. above the prism. It blocks 
out unduly divergent rays from the micro- 
scope ocular which would otherwise strike 
and be reflected from the internal lateral 
surfaces of the prism. 

Some preliminary experiments indicated 
that one of the chief difficulties that would 
be experienced in driving the photographic 
units would be the transmission of vibration 
from the motor and gear-reduction units to 
the optical parts of the equipment. After 
a number of attempts to eliminate the 
vibration, it was concluded that the most 
practical way to do so would be in succes- 
sive steps along the power transmission 
unit. The power transmission system de- 
signed with this in view is shown in figures 
6 and 7. The motor is a one-sixth-horse- 
power, synchronous-wound, heavy-duty 
type, running at 1,750 r. p. m. under load, 
and is arranged to drive a Boston type 
LB20 completely enclosed, reduction-gear 
unit which reduces the speed to one- 
twentieth. After a number of commercial 
couplings were tried, the motor shaft was 
finally coupled to the closely approxi- 
mated shaft of the reducer unit by a short 
length of heavy rubber pressure tubing 
slipped on the two shafts and clamped at 
each end to the respective shaft of the motor 
and reducer (fig. 6, B). The motor-and- 
reducer unit is on a heavy block, which in 
turn rests on soft rubber cushions at the 
corner of the block. The block rests on a 
small table (fig. 6, C) completely independ- 
ent of the rest of the unit and supported 
from the floor on cork pads. The motor- 
reducer block is not anchored to the table 
but can be moved around freely to conform 
to the position of the gear train in the 
variable gear reducer. 

The slow shaft of the gear-reduction unit 
is joined by a leather-disk-type flexible 
coupling to the drive shaft of a flexible 
gear-reduction unit (fig. 6, D, and 7, A); 
the unit is on another table (fig. 6, £) 
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Figure 6.—Motor-drive and reduction-gear units, and rotary interrupter switch assembly. A, Stee 
’ ) Pp ) 
plate; B, Rubber tubing coupling; C, Table for motor unit; D and 7, Leather flexible couplings; 
E, Table for flexible gear-reduction unit; F, Slotted gear support bar; G, Support bracket; H, 
PI PI 


Shaft hanger; J, Fixed gears to change motor drive from 1,750 to 1,800 r. p. m 


; A, Keyway shaft 


running the length of the lathe; L, Keyway shaft support and bearing; M, Stationary gear box 
from which automatic shift drive originates; NV, Gear box driving interrupted gear; O, Power- 
drive shaft carrying interrupted gear (concealed behind support); P, Sixty-four-tooth gear actuated 
by interrupted gear; Q, Clutch connecting gear to lathe worm; R, Friction-lock device; S, Three 
rotary sector switches actuating micro switches above them. 


and is also entirely independent of the 
photographic unit and the apparatus on 


the first table. The relative positions of 


the two tables are shown in figure 6. 

The reduction unit consists of a rectangu- 
lar steel bar (fig. 6, F, and 7, A) 44x1% x 30 
inches, slotted along its whole length, 
except for a short distance at each end. 
Six sliding bearing units (fig. 7, B) are 
locked in the slot. Each of these six units 
is so designed that it can be locked any- 
where along the bar, and each supports a 3- 
inch length of shafting through its bearing. 
On each end of these short shafts are com- 
pound steel bushings for 20-pitch, %-inch 
face change gears. By means of the bush- 
ings, with necessary spacer collars and lock 


screws, any combination of change gears 
can be locked in any one or more of three 
positions along each of the short shafts. 
The combination of gears shown in 
figures 6 and 7, A, is one in use at the 
present time and gives a final exposure rate 
of one frame to every 30 seconds. 

As may be seen from figures 6, G, and 7, 
A, the driving end of the gear support rack 
is fastened to the table by a small bracket, 
while the power take-off end is supported 
by a short section of shaft in two shaft 
hangers bolted to the same table. This 
shaft passes through a bearing hole near 
the end of the change-gear support rack. 

Since the motor has a rate of about 1,750 
r. p. m. and since it is far more simple to 
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Ficure 7.—Mechanical drive of entire unit. A, Variable gear-reduction unit; B, Detail of sliding change 
gear-bearing unit, C, Horizontal keyway shaft for transmitting power to cameras; D, Gear box and 
vertical shaft for transmitting power from keyway shaft to camera; E, Details of overload interruption 
and alarm device; F, Intermittent gear-reduction unit driving lathe feed screw; G, Intermittent gear 
and gear-locking device; H, Rotary switches controlling lights. 


calculate gear ratio necessary when a rate reduction unit, for instance, the LB 100, 
of 1,800 r. p. m. is used, the two gears for the LB 20 unit used. 

(figs. 6, J, and 7, A) nearest the power The power take-off shaft from the flex- 
take-off end of the gear support bar were ible-gear-reduction unit is joined by means 
selected with 101 and 98 teeth, respectively. of a leather flexible coupling to a %-inch 
With the use of these gears, the ratio is shaft (figs. 6, A, and 7, C) running the 
stepped up to where the motor may be con- length of the lathe bed. The shaft is sup- 
sidered as running almost exactly 1,800 ported at each end by a steel bearing 
r. p. m., which greatly simplifies calcula- attached to the rear of the lathe bed (figs. 
tions for gear combinations. By locking 6, L, and 7, C); the cameras are driven 
different combinations of gears in this gear from this shaft, which has a \-inch key- 
support bar, a wide range of speeds is way running its entire free length. 
obtained. In use, no trouble is expe- The drive connecting the keyway shaft 
rienced in working from one revolution per — with each camera drive, shown in figures 
second to one per minute, while an even 2, and 7, D, allows the cameras to move 
wider range of slow drive speeds is obtained laterally and transversely without loss of 


by substituting a lower ratio fixed gear- synchronization with each other or with 
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the adjustments of the rotary light switches 
and the automatic camera shift. To per- 
mit such movement of the cameras, a small 
gear box (fig. 7, D), through which the 
keyway shaft passes, is mounted at the rear 
ofeach camera. Within each gear box are 
mounted a worm and a worm gear; the 
worm is on the keyway shaft along which 
it slides freely, but it is kept from rotating 
around the shaft by a key fitting the key- 
way of the shaft and traveling with the 
worm. The worm drives the worm gear, 
which in turn is pinned to the lower end of 
the camera drive shaft that goes up through 
the top of the gear box. Just outside the 
gear box, the shaft ends in a Curtis uri- 
versal joint, from the upper end of which 
runs a telescoping shaft. The upper end 
of the telescoping shaft carries another 
Curtis universal joint which links to a short 
section of vertical shaft supported on a 
bracket from the camera. Figure 2 shows 
this bracket. The vertical shaft carries a 


steel spiral gear engaging another spiral 
gear on the extension of the camera drive 
shaft, and the latter in turn drives the 


camera. The telescoping shaft in this 
drive allows the camera to be moved by the 
transverse movement of the lathe carriage 
without interfering with the power drive, 
while the sliding of the gear box along the 
keyway shaft permits the lateral shift of the 
camera units. 


SHAFT OVERLOAD RELEASE AND ALARM 


A shaft overload safety release (fig. 7, E) 
is inserted in the shafting just before it 
enters the camera. This release consists of 
a 2%-inch brass disk on the end of the shaft 
from the motor drive just outside the 
camera; on the end of the shaft leading 
into the camera is a similar disk. Through 
the disk on the drive end are two small 
spring plungers, with hemispherical ends 
which fit into shallow hemispherical depres- 
sions in the side of the other disk. As long 


as the load that the camera exerts on the 
drive is not excessive, the plungers keep 
the two disks locked together so the camera 
drives uninterruptedly. However, should 
the film jam, the load on the plungers be- 
comes excessive and they slip out of their 
depressions; the disks are then no longer 
locked together, and the drive disk rotates 
in relation to the camera disk. Since the 
two pins holding them are at different dis- 
tances from the centers, the pins cannot 
re-engage the depressions until the disks 
have traveled through 360° in relation to 
each other. 
again slip. 

Each disk is milled so that approxi- 
mately 170° of the circumference is one- 
sixteenth inch lower than the remaining 
190°. While. the pins rest in their depres- 
sions, the combined circumference of the 
joined disks is made up of the 190° portion 
of each. When the pins disengage their 
depressions because of jamming the camera 
and the disks slip in relation to each other, 
their combined circumferences are no 
longer at the 190° level, but at least some 
part is at the 170° level. This change in 
level serves to release one of the two small 
micro switches bearing on the combined 
circumferences, thus closing an electric 
circuit and sounding an alarm bell. These 
micro switches are mounted on the side 
of the cameras, and the two switches on 
any one camera unit are wired in parallel 
so that either controls the alarm. 


If the jam continues, they 


AutToMATic Suirr DRIvE 


Near the power drive end of the keyway 
shaft supported along the rear of the lathe 
bed is inserted a stationary gear box 
(figs. 6, M, and 7, F) containing a worm 
that is rigidly pinned on the keyway 
shaft, and a worm gear. This mechanism 
drives a telescopic shaft extending outward 
toward the front of the apparatus. The 
front end of the shaft enters another small 











MICROCINEMATOGRAPHIC EQUIPMENT 


161 





MASK SHIELONG | ‘ 
FRONT OF FILM 4 


MASK SHIELOING 
REAR OF FiLm 





END VIEW AT-A- 


Q 
o 


Fim ENLARGED | 
SHOWING 
CLOCK IMAGE 


i 


oaa 
ooo 


| 














LOCK SCREW 


TOP VIEW 

















FicureE 8.—Watch-image mechanism, front and top views. 


gear box, where a miter gear is pinned on 
the end of the shaft, and this in turn drives 
another miter gear on the end of a shaft 
(fig. 6, O) that extends out parallel with 
the keyway shaft driving the cameras. 
Tihs shaft is the power-drive shaft that 
actuates another variable gear-reduction 
unit similar to but not so large as that 
used on the whole camera drive. At- 
tached to the far end of this shaft is a 
20-tooth change gear from which all but 
3 teeth are removed (fig. 7, G). This 
interrupted gear actuates a 64-tooth gear 
(fig. 6, P), which in turn works through 
other gears in the chain and through a 
clutch (figs. 4, G, 6, Q. and 7, F) and finally 
drives the worm screw on the lathe. These 
gears are so selected that each revolution 
of the interrupted gear results in a lateral 
travel of the lathe carriage, of ooo 
inch, whereas the interrupted gear is 
synchronized with the rest of the drive 
mechanism in such a way that this move- 
ment takes place only while the shutter of 


the camera is closed. All these gears are 
from the original change gears furnished 
with the Jathe. 

When this mechanism was first used. 
some little trouble was experienced from 
backlash. which caused the gear actuated 
by the interrupted gear to slip a little 
during the interrupted interval and so jam 
the mechanism. Backlash was eliminated 
by fitting the gear with a friction-lock 
device (figs. 6, R, and 7, G), which holds 
it in position until it is re-engaged at the 
next revolution of the interrupted gear. 

Once the mechanism is adjusted, the 
worm can be moved as desired, with the 
lathe clutch controlling the worm drive; 
if the clutch on either lathe carriage is 
then engaged, that carriage can be made 
to travel automatically in either direction 
laterally (fig. 4, H), or by engaging the 
transverse clutch (fig. 4, J) of the lathe 
carriage the camera can be moved toward 
either the front or the rear of the lathe. 
With the lathe design used, the transverse 
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and lateral movements can be effected 
simultaneously. With the use of this auto- 
matic shift for one cr more short intervals 
during the course of a reel, a clump of 
cells once centered can be followed for any 
interval desired, while the movements of 
the camera are smooth, without vibration 
or disturbance of focus, and do not inter- 
fere with the continuity of the fiim. 


WatcH-IMAGE MECHANISM 


Since the positions of the two cameras are 
not fixed in relation to each other, a watch 
unit is mounted on each camera so that 
the image of the watch may be inserted on 
each frame of the film. The genera] pos 
tions of these units are shown in figure 4, 
Jj, K, and L, and the design in figure 8. 
The small prism reflecting the image onto 
the film is mounted directly on the film 
gate. The lens used in forming the image 
is the rear Jens of a 4-mm. microscope ob- 
jective and is threaded directly into a hole 
tapped in the door of the camera. The 
light source is miniature electric globes; 
the timepieces are cheap watches with 
crystals removed, each watch being held 
in an easily released clamp so that it can 
be taken out for setting and winding. 
The two watch faces are marked A and 
B, respectively, to show on the film with 
When 
a film is ready to be started, a small 


which camera the film was taken. 


gummed number label (Dennison’s No. 
20 C) showing the number of the film 
being run is attached to the face of each 
watch so as not to interfere with the num- 
bers on the face or with the hands. The 
watches are synchronized with each other 
and with the electric clock on the wall 
(fig. 2) and are locked in their respective 
camera units. 

To prevent the formation of a double 
image, one from the watch and the other 
from the microscope ocular, in the area 
where the image of the watch is projected 


on the film, a mask is inserted in the regu- 
lar mask orifice of the camera. The mask 
is open, except for a small area including 
only the image of the watch. This area of 
the watch is blocked so that no Jight from 
the microscope ocular can here reach the 
film. Another mask, blocked to exclude 
light from all sources except this watch 
area, is inserted in the back of the film 
gate to protect the rear side ot the film. 


MECHANISM FOR CONTROLLING DuRATION 
oF EXPOSURES 


The onset and duration of expo.ure for 
both microscope lamps and both sets of 
clock lights are controlled by two adjusta- 
ble rotary sector switches (figs. 6, S, and 
7, H) ona short rear extension of the auto- 
matic shift drjve. The switches are syn- 
chronized to turn the microscope lights on 
during the time the camera shutters are 
open and consequently during the interval 
the film is motionless. 

Each sector switch consists of two metal 
disks about one-sixteenth inch thick and 
about 4 inches in diameter. The circum- 
ference of each disk is milled so that 180° 
is one-sixteenth inch lower than the rest. 
One of the disks is rigidly locked on its 
shaft; while the second is locked, not on 
the shaft, but to the first disk by a bolt in 
the latter which passes through a slot in 
the former and has a nut on it. The two 
disks can thus be locked at any angle of 
rotation around their common axis. By 
adjusting the overlap of the high and low 
parts of their circumferences, the low part 
of their combined circumferences can be 
adjusted to any arc from 0° to 180°, the 
exact arc being determined by a graduated 
scale and vernier, respectively , on the disks. 
Above each pair of disks is a small micro 
switch ® with a lever arm carrying a roller 
bearing on its end that rests on the cir- 


3 Made by the Micro Switch Corp., Freeport, Ill. 
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cumference of the sector disks, so that as 
the latter turn, when the roller bearing on 
the lever arm enters a low place in the sec- 
tor disks it actuates the switch and turns 
on the light. 
as long as the roller is in the low area; but 


The light continues to burn 


when it strikes the high area in the sector, 
the switch opens. The sectors are synchro- 
nized on the shaft so that the disk locked 
on the shaft determines when the roller 
enters a Jow part of the circumferences 
and is synchronized with the opening of 
the camera shutter, while the second disk 
determines when the roller will leave the 
low part and thus how long the light is on. 
both 
clock lights, the second controls both micro- 


One sector-disk switch controls 


scope lights while the shutter is open. A 
third sector switch on the same shaft is 
connected with the microscope light circuit 
so that during each complete closure of the 
camera shutter the microscope light is 
thrown on and held until the shutter is 
ready to open. This interval of illumina- 
tion permits accurate checking of the focus 
and position of the object under the micro- 
scopes without interrupting the running of 
the film. When not in use, the third sector 
switch can be cut out of the circuit by means 
of a small hand switch on the electric con- 
trol panel (fig. 9). Using micro switches 
for opening and closing these light circuits 
nas proved a simple and satisfactory solu- 
tion for a difficult problem in the construc- 
tion of the apparatus. During more than 
a year of use, there has been no instance 
of failure of a switch or of uneven lighting 
because of defective switch function in the 
sequence of any film. 


ELECTRIC CONTROL PANEL 


The electric control panel is shown in 
figure 2 and diagrammatically in figure 9. 
In addition to a master switch which con- 
trols all circuits, separate switches are pro- 
vided for the motor and the motor-drive 
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Ficure 9.—Electric control panel. 


overload alarm, and subordinate switches 
for each camera. The microscope-light- 
switch system includes a general switch and 
one to cut the rotary-sector-disk switch in 
or out of the circuits. Apart from all other 
switches is the switch to throw the focusing 
light interrupter in or out of circuit. The 
switch system on the clocks is essentially 
similar to that for the microscope lights, 
but there is no focusing-light switch. Since 
the lights are of low wattage, rotary vari- 
able resistances are used instead of variable 
transformers for controlling light intensity. 
Additional switches on the lower end of the 
panel control illumination within the air 
bath and in the outside room; both deep 
yellow safelights and white lights are pro- 
vided. Switches for the latter lights are 
segregated. The switches at the upper 
right hand corner of the panel control the 
photoelectric galvanometer and the air- 
bath heater and blower. The circuits of 
these switches are not controlled through 
the master switch. 


PHOTOELECTRIC UNIT 


Because of the variable optical conditions 
prevailing in different cultures, the photo- 
electric system described for our still cam- 
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era * is used for determining the light in- 
tensity and duration of exposure with this 
equipment. The photoelectric cell is 
merely laid on top of the camera alongside 
the observation ocular, and the camera 
racked laterally until the cell is centered 


under the microscope ocular. Then, by 


4 See footnote 2. 


means of the variable resistance in circuit 
with the microscope lamp, the light reach- 
ing the film may be set at any desired pre- 
determined intensity. This operation must, 
of course, be carried out with the room 
dark. The photoelectric cell is connected 
with the same galvanometer system as that 
used for our still camera. 





Production of Malignancy in Vitro. 


IV. The Mouse Fibroblast Cultures and 
Changes Seen in the Living Cells 


By WILTON R. Ear LE, senior cytologist, with the technical assistance of Epwarp L. ScuiL1- 
ING, THomas H. Stark, Nancy P. Straus, Mary F. Brown, and EMMA SHELTON, 
National Cancer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 


Earle and Voegtlin (7) showed that 
20-methylcholanthrene added to culture 
fluid as a fine suspension in concentrations 
ranging from 1,0007 to 0.2y per cubic 
a definitely 
effect on cultures of subcutaneous rat and 


centimeter, has injurious 
mouse fibroblasts grown in chicken fibrin 
clot with a_ supernatant-fluid culture 
medium of horse serum and chick-embryo 
extract diluted with saline solution. The 
carcinogen caused partial or complete 
necrosis, particularly at higher concen- 
trations, and always caused a retardation 
in the rate of growth. The study was 
carried to 54 days after the first addition 
of the carcinogen. 

Using the same culture medium and 
fibroblasts from the strain C3H mouse, 
Earle and Voegtlin (2) continued the study 
with a concentration of 10y of carcinogen 
per cubic centimeter of culture fluid for 
periods up to 250 days and found less 
degeneration than was shown at the higher 
concentrations (7), but there was the same 
severe initial retardation of the increase in 
size of the clump. Cultures that had 
received the agent as long as 114 days 
showed a change in the architecture of the 
clump to a distinctly more epitheliallike 
type, which seemed to result from marked 
changes in the cells, at least some of which 
was in the cell surfaces. The cells became 
laterally coherent; this change was gradual, 
progressing with prolonged exposure to 


the carcinogen and affecting the culture 
as a whole rather than a few isolated cells. 

Unfortunately, the type cultures did not 
allow an accurate analysis of the cell 
changes in the early stages. Changes after 
265 days in methylcholanthrene were also 
not investigated, owing to loss of the series 
from a bacterial contamination. This loss 
cut short studies on the behavior of the 
carcinogen-treated cells on reinjection. 
Only 12 C3H mice were injected with 1 
culture each of cells that had been subjected 
to the carcinogen about 114 days and then 
carried 83 days longer without addition 
of the carcinogen. The results of these 
injections were negative. 

Just before the series was lost, it was 
noted that the control cultures were show- 
ing a trace of the same morphologic change 
as that in cultures of the treated cells. 
This was ascribed to trace contamination 
with methylcholanthrene, which could 
possibly have occurred with the technique 
used. 

The studies were later extended, with 
four general aims: 

(1) To confirm the previously observed 
cell changes with a more accurate control 
of the concentration of methylcholan- 
threne. 

(2) To follow with greater accuracy 
the progression of changes in the cells, 
both in the carcinogen and after removal 
from it, with particular attention to the 
sequence of changes during the first 60 
days after exposure to the carcinogen 
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(this interval corresponding approximately 


to the latent interval for production of 
tumors by injections of the carcinogen in 
vivo) and the cell changes after exposure 
for more than 260 days. 

(3) To attempt to demonstrate conclu- 
sively a change from the normal to the 
malignant cell by the action of the car- 
cinogen in vitro. This of necessity in- 


volved the production of tumors by 
injection of cells treated with the carcino- 
gen in vitro. 

(4) To correlate the relative tumor- 
producing ability of the cells with morpho- 
logic changes observed in them. , 


Although these studies are as yet incom- 
plete, the present paper reports the 
technical methods used and the data ac- 
cumulated on a primary strain of mouse 
fibroblasts, cultures of which were carried 
in methylcholanthrene for various inter- 
vals up to 406 days. While the general 
sequence of morphologic changes as ob- 
served in the living culture is given, this 
paper does not include any work with 
stained preparations. A description of the 
production of the tumors obtained by in- 
oculation is given in the next paper (J), 
while the pathology of the tumors will be 
presented in the paper following (3a). 
Other studies in the series will appear in 
later issues of this Journal. These will 
cover (1) observations on the mitochondria 
and Golgi apparatus, and (2) metabolism 
of the tumors produced. Data from other 
stained preparations, from motion picture 
reels, and analysis of the growth rates of 
the tumors are as yet incomplete and will 
be presented at a later date. The equip- 
ment and method used in cleaning the 
glassware and the photomicrographic and 
the microcinematographic equipment de- 
signed for use in these experiments are 
described in the three preceding papers 
(4, 5, 6). 


MATERIALS AND METHODS 


In addition to the acid cleaning equip- 
ment and method already described (4), 
this investigation has necessitated the con- 
struction of considerable special apparatus 
and the elaboration of specialized pro- 
cedures. Sufficient details are given to 
make clear the course of the experiment, as 
well as the various precautions taken. 


CLEANING oF EQUIPMENT 


All glassware on hand was first cleaned by using 
the acid-cleaning method (4). Then the glass- 
ware, used with normal-tissue-culture solutions 
only and not contaminated with heavy metallic 
salts or with carcinogenic substances, was washed 
with soap and water as usual, rinsed with distilled 
water, and drained. 

With the single exception of the cultures that 
were fixed in situ in Carrel flasks with Orth’s 
formalin-dichromate solution, the glassware used 
with tissue cultures was never employed with any 
solution for fixation or staining. After fixation of 
cultures in the Carrel flasks, the flasks were given a 
preliminary cleaning in a mixture of equal parts of 
concentrated nitric and sulfuric acids at 80° C. for 
24 hours and then, after being drained at a sink 
reserved for waste acids, were rerun through the 
regular acid cleaning bath. In this way, there 
was no contamination of the large acid cleaning 
baths with chromium, and yet the carcinogen was 
destroyed. In flasks thus cleaned, cultures have 
grown satisfactorily and have shown no sign of the 
irregular and poor growth so common in those 
grown in glassware cleaned with dichromate- 
sulfuric acid. 

All waste carcinogenic solutions were destroyed 
by sulfuric acid in the acid bath if exceedingly 
concentrated; but if the concentration was not 
more than ly per cubic centimeter, the solutions 
were flushed down a small covered sink used for 
that purpose only. 

After being cleaned, all glassware and other 
materials were wrapped in paper and autoclaved 
at 20 to 22 pounds steam pressure for 144 hours, 
or dry sterilized at about 170° to 175° C. for 3 to 
4 hours, after the desired temperature was reached. 

Rubber stoppers and rubber equipment that 
might come in contact with the culture fluid were 
boiled repeatedly with an approximately 5-per- 
cent solution of sodium hydroxide, then washed 
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free from alkali, and rinsed repeatedly with dis- 
tilled water. An attempt was made to have as 
little rubber as possible come in contact with 
culture solutions. All rubber equipment was 
sterilized by autoclaving. 

Until about June 8, 1942, all rubber items, in- 
cluding stoppers, tubing, etc., employed with solu- 
tions containing carcinogen or with carcinogen- 
treated cultures, were used once and then de- 
stroyed. Since then because of the critical short- 
age of rubber, stoppers used with cultures removed 
from the carcinogen for at least 60 days, are 
cleaned with sodium hydroxide solution as de- 
scribed and used over for such cultures. They are 
never used with untreated cultures. 

The dissecting knives and needles used in trans- 
ferring carcinogen-treated cultures to fresh flasks 
were cleaned by soaking them in five to six con- 
secutive changes of acetone and benzene. They 
were then sterilized with dry heat at 170° C. 


DisTILLED WATER 


All distilled water used in rinsing glassware was 
from the general distilled wate: system of the lab- 
oratory. All solutions used with the cultures were 
prepared from this distilled water, which had been 
carried through two additional distillations in a 
double all-glass still and collected and stored in 
The rubber stoppers used 
with the bottles were cleaned by repeated boiling 
in sodium hydroxide solution. Care was taken 
that the distilled water did not touch the rubber. 


5-gallon pyrex bottles. 


Isoronic SALINE SOLUTION 


The saline solution used for washing cultures and 
for diluting culture media consisted of the follow- 
ing ingredients: 

Grams 
Sodium chloride 6. 80— 
Potassium chloride -40— 
Calcium chloride . 20 
Magnesium sulfate 
Sodium dihydrogen phosphate 
Sodium bicarbonate 
Dextrose 
Glass-distilled water to 1,000 cc. 


- 125 


All concentrations were calculated in terms of 


anhydrous salts, which were of reagent quality 
and were purchased in relatively large lots so that 
there was no change in lot number for most of 
the salts used. With the exception of the calcium 
chloride, the salts were dissolved, in the order 
given, in about 600 cc. of water for each liter of 
solution. The calcium chloride was kept in the 
form of an analyzed stock solution containing 0.1 


.10— 
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gm. anhydrous salt per cubic centimeter. The 
correct amount of this solution was added to 100 
to 200 cc. of water for each liter of final solution, 
and this in turn poured into the rest of the solu- 
tion with agitation. The pH of the solution was 
set at 7.4; if necessary, a little carbon dioxide was 
run through it from a cylinder of compressed 
gas. The solution was then filtered. Inasmuch 
as no such physiologic saline relying on bicar- 
bonate for its buffer action can be filtered under 
vacuum without a severe shift in pH to the alka- 
line side, all filtrations were carried out by using 
air pressure at 3 to 5 pounds. The filter candles 
employed were never used for any other purpose. 
During the early part of the experiment the solu- 
tion was made up and filtered in lots of 4 1. through 
a 1-by-5-inch Mandler candle of normal porosity 
designed to handle 7 to 9 pounds of air pressure; 
later the solution was made up in lots of 32 1. and 
was simultaneously filtered through two 2-by- 
10-inch Mandler candles to give two final lots 
of 16 1. each. The filtering equipment is shown 
in figure 1, A and B. 

In autoclaving such large units as the 32-1. saline 
apparatus, the stopcock permitting access of air 
to the apparatus was wrapped but left open, while 
in each of the two large containers about 100 cc. 
of glass-distilled water was placed, thus insuring 
the formation of énough steam within each con- 
tainer to act as a sterilizing agent. These units 
were autoclaved at 20 pounds for 2 hours and 
then allowed to dry out. After filtration, the 
saline solution was run into flasks which were 
sealed with rubber stoppers and stored at 3° C. 

During the whole interval of preparation and 
storage the pH of the saline solution would rise 
about 0.1 unit. Since the solution was desired 
at pH 7.5, it was originally set at about pH 7.4. 
The pH of the other solutions was similarly con- 
trolled so that the pH of the final culture media 
was about 7.5. 


Horse SERUM 


While no particular selection was made as to 
the age and sex of the horses from which the serum 
was obtained, records show that all the horses 
were adult geldings ranging up to 33 years of age. 
Most of the serum was from horses estimated to 
be about 16 years old. 
and no 


All serums were clear, 


trouble was ever experienced from 
hemolysis. 

The jugular vein was punctured with a 4-mm. 
(outside diameter) Graefe trocar, with stopcock, 
connected with a rubber tube, and the blood col- 


lected in 3-1, lots in sterile glass cylinders about 
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Ficure 1.—A, Equipment used to filter saline solugion and horse serum in lots of 4 1. or less; B, Equipment 
used to filter saline solution in lots of 32 1. The small bottles are of 5-gallon capacity, the larger one 


is of 12-gallon capacity. All are made of pyrex. 


100 mm. in diameter and 450 mm. high, which 
were kept cool in crushed ice to reduce changes in 
the blood. Usually 9 1. was obtained from one 
horse. When horses were bled on Saturday and 
allowed to rest over the week end, the bleeding 
did not interfere with their regular work. The 
blood was allowed to clot, and the clots were 
loosened from the cylinders which were held at 3° 
C, overnight. During this handling sterility was 
not maintained although an attempt was made to 
keep the blood reasonably clean. Next day, the 
serum was drawn off with a 200-cc. bulb pipette. 
The clots were minced with scissors, the fragments 
were centrifuged, and the expressed serum was 
removed. The total lot of serum was recentri- 
fuged to eliminate any remaining red cells which 
would be disrupted by freezing, then pooled, and 
stored in 1,000-cc., flat-bottomed, boiling flasks 
sealed with rubber stoppers. The flasks were filled 
not more than half full to prevent their breaking 
on freezing, then stored at —10°, and held frozen 
until needed. When needed, the serum was 
thawed out, recentrifuged to remove any fine pre- 
cipitate that might (very rapidly) clog the filter, 
and filtered under pressure through a 1-by-5-inch 
Mandler candle. The smaller equipment and 
the method for filtering saline solution were used. 
The filtered serum was stored at 3° in small flasks 
sealed with rubber stoppers. Since the filter 
candles were used repeatedly, they were carefully 
washed with a dilute sodium chloride-sodium 
bicarbonate solution, then with glass-distilled 
water. Filters used for horse serum were reserved 
for that solution only. The serum when used was 


usually less than 60 days old. In other work, 
serums up to 9 months old have been used without 
any observed deleterious action. 


PLASMA 


Plasma was obtained from hens weighing 5 to 8 
pounds and not more than 1% years old. It was 
necessary to watch carefully the age of the hens, 
as the use of plasma from older hens has been 
found to result in poor growth of the cultures. A 
simple glass cannula sterilized in heavy mineral 
oil at about 140° C. was inserted in the carotid, 
and the blood collected in a narrow-mouthed, 
heavy-walled, iced, paraffined, 100-cc. centrifuge 
flask, which was stoppered with cotton. The sur- 
plus melted wax from the tube had been drained 
into the cotton. Great care was taken not to over- 
heat the mineral oil and wax. The blood was 
centrifuged in ice for 5 minutes at 3,000 r. p. m.; 
the plasma was drawn off with a 5-cc. pipette and 
stored at 3° in a paraffined, cotton-stoppered, 
50-cc. centrifuge flask. This plasma was used 
within 30 days. No anticoagulant was used. 
While some tubes were lost because of spontane- 
ous clotting, the loss was never so severe as to 
necessitate the use of heparin. 


Emsryo EXTRACT 


Empryo extract was prepared from 9-day chick 
embryos. The whole unwashed embryo was 
minced by running it through a 30-cc. Luer 
syringe in the lower end of the barrel of which 
was a 28-mesh monel-metal wire gauze. The 
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minced tissue was received in a 100-cc. narrow- 
throated centrifuge flask wrapped integrally with 
the barrel of the syringe. Approximately one vol- 
ume of saline was added and the whole agitated 
briefly by sucking it in and out of a 25-cc. wide- 
mouthed bulb pipette. The flask was rubber 
stoppered and centrifuged at 3,000 r. p. m. for 
20 minutes. The supernatant fluid was pipetted 
into 50-cc. centrifuge flasks, rubber stoppered, 
and frozen at once with carbon dioxide snow to 
kill any living cells. The solution was kept 
frozen until needed, at which time it was thawed 
out and recentrifuged at 3,000 r. p. m. for 20 
minutes to clarify it directly before use. 

Embryo extract was prepared two, or more 
usually three times a week. An attempt was made 
to use it when less than 5 days old, but in a few 
instances as a result of some accident older extract 
was used for a single change of fluid on the 
cultures. 

Of the various culture media used, the embryo 
extract was probably subject to the greatest vari- 
ation, both from lot to lot of eggs and possibly 
from season to season. In some earlier work in 
which refractometer readings were made on 
different lots of embryo extract, a wide difference 
was found in lots prepared on different days. 
Because of these variations, particular care was 


taken to use the same lot of embryo extract for 
each experimental culture and its control. 


PREPARATION OF METHYLCHOLANTHRENE 


The 20-methylcholanthrene used was all of the 
same lot, which was different from the lots used in 
earlier work (7, 2). It was purified by Dr. J. L. 
Hartwell, of this Institute, and had a melting point 
of 179.3°-180.0° C., corrected. 

Whereas in the previous work methylcholan- 
threne had been used in the form of a fine sus- 
pension, in this experiment it was dissolved in the 
serum. A lot of 2 1. of serum was placed in a 
glass-stoppered 4-l. pyrex bottle; about 40 mg. of 
the crystalline methylcholanthrene was weighed 
out into a small agate mortar, one or two drops of 
serum were added, and the mixture was rubbed 
to an extremely fine, creamy paste; more serum 
was added and the suspension transferred to the 
serum in the bottle quantitatively. The serum 
was held at 3° C. for 24 hours and shaken occasion- 
ally, and then shaken in a mechanical shaker for 
24 hours. It was next run through filter paper 
to get out any particles that might clog the filter, 
and then filtered, through a Mandler candle into 
flasks that were sealed with rubber stoppers. The 
Mandler candle was used once, then destroyed. 


This method of solution of the carcinogen was 
suggested by Dr. Egon Lorenz, of this Institute. 
Dr. Lorenz also analyzed spectroscopically the 
first lot of solution. The determination showed 
a concentration of between 2.07 and 2.5y of 
methylcholanthrene per cubic centimeter. Later 
lots were not analyzed but were prepared with the 
same technique and were considered to have 
approximately the same concentration. 

Although an attempt was always made to have 
the relative size of the control and carcinogen- 
containing lots such that they would last for an 
equal period, it was rare that the two lots ran out 
at exactly the same time; usually one was ex- 
hausted a few days ahead of the other. Since no 
differences have been detected in the action of 
different lots of serum prepared by the method 
used, no hesitancy was felt in using up the last few 
flasks of any lot. To avoid any hazard of acci- 
dentally using a carcinogen-containing solution in 
normal cultures, the carcinogen-containing solu- 
tion was always segregated. As a further pre- 
caution, the container of the normal solution 
carried a blue or black label, that of the carcinogen- 
containing solution a red label. 


DUPLICATION OF CULTURES 


To prevent the loss of a whole strain of cultures 
through bacterial contamination of a stock solu- 
tion, duplicate independent lots of solution were 
used, and all culture series were so divided that 
contamination of any single solution would result 
in the loss of only half of any one series or strain 
of cultures. No such contamination of a stock 
solution has occurred. 


CARREL FLASKS 


All cultures were prepared and carried in modi- 
fied Carrel type D flasks made of pyrex and having 
an outside diameter of 33 to 34 mm., a height 
through the flat area of approximately 10 mm., 
and floor and roof thickness of about 0.4 to 0.6 
mm. This thickness gave good optical definition 
with a 16-mm. objective, yet the flask was not so 
fragile as to be hazardous when used with carci- 
nogenic solutions. The throat length was approx- 
imately 33 mm., measured from the juncture of 
the throat with the top of the flask; the throat had 
a wall thickness of 1.0 to 1.5 mm. and an inside 
diameter of 10.0 to 10.5 mm. These changes in 
the throat were necessary to permit the sealing of 
the flasks with standard size 00 rubber stoppers.* 

1 Flasks of this type may be obtained from E. Machlett 


& Son, 220 East 23d St., New York, and from Hopf 
Glass Apparatus Co., 192 3d Ave., New York. 
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INCUBATION OF CULTURES 


All cultures were maintained at a temperature of 
approximately 38.2° to 38.8° C. in an incubator 
having an ample water jacket. The heaters in the 
incubator warmed the water jacket rather than the 
internal air space, while the two thermoregulators, 
which were wired in series, were immersed in the 
water bath. In this way sudden overheating of the 
incubator for a short period after the doors had 
been opened and closed again was eliminated. 
One thermoregulator was adjusted for a tempera- 
ture 0.3° higher than the other so that it did not 
function at all but merely served as a reserve regu- 
lator. An alarm bell was wired into the circuit of 
this rexrve regulator. The air in the incubator 
was subjected to forced circulation to insure even 
heating. In the incubator, the culture flasks were 
arranged in racks of 10 (fig. 2, A) and placed 6n 
shelves hinged at the left end, while a motor 
mechanism mounted on the roof of the incubator 
alternately raised and lowered the right end of the 
shelves through a cycle of about +3'4° from the 
horizontal at a rate of six cycles per hour. This 
caused the culture fluid in the flasks to be washed 
over the surface of the clots and heiped to elim- 
inate local changes in the culture medium within 
the flasks. The racks held the flasks level. If the 
racks were ever soiled with carcinogen, they were 
destroyed. 

A temperature of about 38.5° C. was maintained 
during the visual examination of the cultures by 
having the microscopes surrounded with a thermo- 
regulated air bath sufficiently large to take several 
racks of cultures. The photographic equipment 
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FIGURE 2.—A, Flask racks, made of wood with 

metal ends, and springs of sheet phosphor 
bronze 0.25 mm. thick. The pins are brass 
escutcheon pins; B, Platinum-iridium spatula 
used to transfer cultures. The curved portion 
of the spatula is flattened by hammering and 
C, Pipette for 
handling small lots of solution like plasma. 


then honed to a sharp edge; 


was similarly held to constant temperature. 
With these precautions, the only serious intervals 
of lowering the temperature were when the cul- 
tures were reduced to room temperature during 
the three weekly changes of culture fluid. These 
intervals of cooling averaged about 4 hours each 
time and were constant for the whole series. It 
has as yet been technically impracticable to elimi- 
nate them. 


LIGHT 


To eliminate complications that might result 
from the action of short wavelengths of light on 
cells photosensitized by methylcholanthrene, all 
cultures were handled, examined, and photo- 
graphed by orange light. All light sources of 
general illumination in the rooms were shielded 
with five layers of No. 300 Tango shade of cello- 
phane. The microscope lights were 6-volt, 108- 
watt, ribbon-filament, incandescent bulbs shielded 
with water cells and deep orange filters (Corning 
No. 351), cutting off at about 500 my. For 
photomicrography where the light was concen- 
trated on the culture by a condenser, the light was 
further shielded with a Corning No. 397 heat- 
absorbing glass filter. While it cannot be said 
that no white light ever reached the cultures, the 
total amount reaching them during the whole 
course of the experiment was extremely low. 


PREPARATION OF THE ORIGINAL EXPLANT 


The original explant tissue was dissected out, 
cut up rapidly into strips about 2.2 x 6.0 mm., 
and placed in saline in depression spot plates. 
The cultures were then planted as described in 
the following section. 


TRANSFER OF CULTURES 


Cultures were transferred to fresh flasks about 
every 27 to 35 days. The series of flasks containing 
the cultures were arranged on the table in order 
of transfer; each flask was flamed very hot around 
the throat, the stopper removed, a sterile cork 
inserted lightly, and the flask set aside to allow the 
throat to cool. By the time the last of the group 
of flasks had been flamed, the throat of the first 
one had cooled sufficiently to allow handling. 
The clot was loosened from the floor of the flask 
by means of the spatula (fig. 2, B); and after a 
very light flaming of the throat which did not 
heat the glass through, the clot was slid onto the 
platform of the dissecting dish assembly, which 
consisted of a covered pyrex petri dish, 15 mm 
high and 100 mm. in diameter, with half of a 
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75-by-10-mm. dish (either top or bottom) placed 
in it to form a platform just below the surface of 
the lid of the pyrex dish. Dissections were made 
on this platform, and unnecessary fragments of 
clot and waste fluid were pushed over the edge 
Each individual cul- 
ture was dissected separately, a heavy dissecting 
needle and a No. 3 or 5 Graefe cataract knife 
being used. Separate dissecting dishes and in- 
struments were used with each culture. The 
heavy ridge at the edge of the clot and all parts of 
the clot containing no cells or too few cells for 


into the surrounding moat. 


From the 
remainder, as many strips as desired were cut. 

The size of the explants varied somewhat. In 
the first few generations an attempt was made to 
get strips about 3 mm. wide and 15 mm. long. 
However, better results were obtained with strips 
having a somewhat greater width, and in the later 
work an attempt was made to get them 4 to 5 mm. 
wide and approximately 20 mm. long. Usually 
three or four strips were cut at right angles across 
the original explant. In some instances only two 
strips, lying parallel, and just lateral to the old 
explant, were cut, and in others diagonally cut 
strips were used. The exact type of explant was 
so chosen as to give what seemed the best possible 
chance of growth from the old sheet of cells. 

The explants were handled rapidly to avoid their 
drying out; as soon as they were cut, they were 
placed in approximately 0.7 cc. of saline solution 
in one of the depressions of a spot plate (Corning 
No. 7220) set in a 150-by-20-mm. flat pyrex prep- 
aration dish. The adhesive label of the flask was 
transferred to the top of the dish to mark the cul- 
ture, while the order of explants was identical with 
that on the work sheet. 


satisfactory transfer were cut away. 


Each strain of cultures 
was kept in a separate depression plate so that 
there was no chance of confusing individual cul- 
tures or different strains. Each culture was labeled 
and records were kept on the origin of each sub- 
culture. 


PREPARATION OF THE CLOT 


From 0.4 to 0.5 cc. of chicken plasma was in- 
serted in each Carrel flask from a 5-cc. pipette 
(figs. 2, C, and 3). In the early part of the ex- 
periment 0.4 cc. was used, but this gave a clot 
which in some instances was so soft that holes 
developed near the end of the transfer interval. 
When the amount was increased to 0.5 cc., no 
further trouble was experienced. The plasma was 
shaken over the entire surface of the floor of each 
flask, and 0.7 to 0.8 cc. of a mixture of 40 percent 
horse serum, 20 percent chick-embryo extract, and 
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“IGURE 3.—Pipette and burette unit for planting 
cultures. The rubber bulb on this pipette is of 
5-cc. capacity. For washing cultures and adding 
fresh culture fluid, a second burette unit was 
substituted for the pipette. 


40 percent saline was then added. The explant 
was inserted in the flask at once by means of the 
spatula, flattened out, and centered. Each flask 
was closed with a rubber stopper, marked with a 
previously prepared adhesive label, then leveled 
until the mixture had formed a firm clot, and 


racked. Later all flasks were transferred to the 
rocking shelves in the incubator. Twenty-four 
hours later, 1 cc. of a mixture of the horse serum, 
embryo extract, and saline in the foregoing pro- 
portions was added. For cultures that were to 
receive carcinogen, it was contained in the horse 
serum in such concentration that each cubic 
centimeter of the final supernatant culture fluid 
contained approximately ly of carcinogen. 


WASHING AND RENEWAL OF FLUID 
CuLTURE MEDIUM 


The fluid culture medium was changed three 
times weekly, usually on Monday, Wednesday, 
and Friday. The only serious deviation from this 
was near the end of December 1941 and in early 


January 1942, when the change was made only 


every 3 or 4 days. The resultant injury to the 
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normal cultures was severe and was reflected in 
the noticeably poorer growth for nearly three 
generations, 

In changing the fluid medium, the flasks were 
wiped off with a towel moistened with absolute 
alcohol and the cultures arranged on the table in 
numerical sequence within each set; the order of 
the sets was as follows: (1) Cultures which had 
never been subjected to carcinogen (all flasks 
carried white labels); (2) cultures which had at 
some time been subjected to carcinogen but were 
no longer (flasks carried green labels), the various 
sets being arranged in order so that those most 
recently removed from the carcinogen were 
always handled last; and (3) cultures which were 
being carried in carcinogen (flasks carried red 
label) and which were always handled last of all. 

Aseptic precautions were taken and all normal 
solutions made up before any carcinogen-contain- ‘ 
ing solutions were opened, and the culture fluids 
were correctly mixed in the separatory funnels of 
the burette units (fig. 3). Each funnel was then 
mounted on its burette which was locked in the 
burette rack. The other half of the rack carried 
a similar unit filled with saline solution. 

The throat of each flask was flamed, the rubber 
stopper slipped out, and the end of the throat 
again flamed very hot. The old fluid was sucked 
out with a sterile glass needle attached to a fluid 
reservoir and a source of vacuum (fig. 4). With 
the burette arrangement, 3 cc. of saline solution 
was run into the flask, which was lightly stoppered 


DETAIL OF SUCTION NEEDLE 
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Ficure 4.—Suction needle unit with heater. 
show detail. 
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with a sterile cork, and set aside, until each flask 
in the set had received saline. The suction needle 
was sterilized with heat after each use. After the 
last flask in the set had received saline, the first 
one was uncorked, the neck lightly flamed, the 
saline sucked out, 1 cc. of culture fluid added, 
and the flask at once sealed. 

The burettes (fig. 3) were of 25-cc. capacity, 
graduated to 0.1 cc., and sturdily built to take 
relatively rough handling. The tip of each was 
protected, while in use, with a short glass sleeve 
held on by a cork collar. The open end of the 
sleeve was flared slightly for easy insertion of the 
throat of the flask which could be slipped in a 
distance of 7 to 8 mm., while the burette tip 
projected through the cork collar about 3 or 4 
mm. The sleeve fit rather snugly around the 
throat of the flask. The freshly flamed throat 
inserted into the sleeve was free from bacteria, 
shielded so that bacteria could not fall into it, and 
so centered around the burette tip that the latter 
never touched the inside of the throat. In this 
way the likelihood of spreading bacterial con- 
tamination through consecutive flasks was ob- 
viated. 

A wad of cotton in the uppe: end of the sleeve 
permitted air to flow into the burette as fluid was 
run in and withdrawn. All stopcocks were lubri- 
cated with sterile (autoclaved) heavy petroleum 
jelly. At the end of each run the equipment was 
disassembled, the cork collars were destroyed, and 
the glass parts of the apparatus were cleaned (with 

DETAIL OF VALVE ON 


SUCTION 
¥ 7 | NEEOLE 


SODA 


ai ced Bexar 

b ae 
ah ome 

/ Ese ood 


\ u oN 


The heater diagram is drawn disproportionately large to 
Details of suction needle and valve assemblage are also enlarged. 
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acid if the unit had been used with culture flasks 
that contained or had ever contained carcinogen). 

The suction needle (fig. 4), a piece of standard 
wall pyrex tubing 6 mm. in outside diameter and 
150 mm. long, was attached to a length of gum 
rubber tubing 60 mm. long, with 6-mm. bore 
(1.5-mm. wall thickness). A glass bead of special 
design was inserted midway the length of the 
tubing to serve as a valve. When the outside of 
the rubber tube was squeezed gently with the 
fingers, the resulting deformation caused a leakage 
of air around the bead. The tubing was sufli- 
ciently soft and pliable that a relatively gentle 
pressure near the bead gave a vigorous suction at 
the tip of the glass needle. Figure 4 shows in 
detail the setup. The bottles containing the glass 
beads each had a 11-inch layer of sulfuric acid in 
the bottom, which served to trap any possible 
spray containing traces of carcinogen that might 
be carried over into the house vacuum line. The 
sulfuric acid was replaced about every 6 to 8 
weeks. The first of the three bottles connecting 
with the vacuum outlet contained lime-soda to 
neutralize any acid spray carried to it. 

A small electric heater to sterilize the suction 
needle between uses is shown in figure 4. The 
heating element was wound around a 15-mm. 
(inner diameter) metal tube about 6 inches long 
and insulated from it with several layers of asbes- 
tos paper. The tube was sloped so that the needle 
could be rapidly inserted without danger of its 
sliding out. A small glass test tube was used as 
a lining to protect the meta] tube from corrosion 
and to prevent the carrying over of metal oxides 
into the culture flasks. It was changed at the end 
of each series of cultures. 

The winding was so designed that, within a few 
minutes after being switched on, the heater reached 
and maintained a temperature of about 340° C. 
within the lumen of the glass tube, as measured 
by a thermocouple, while a suction needle con- 
taining several drops of water boiled dry within 7 
seconds after insertion into the heater tube. Inas- 
much as the interval between using the suction 
needle on two consecutive flasks was about 20 to 30 
seconds, the hazard of carrying a bacterial infec- 
tion from one flask to the next was avoided. 

Figure 4 shows the metal casing projecting over 
the open end of the heater, and also the hose con- 
nection with the acid shield on the vacuum line. 
Through this line a slight current of air was kept 
flowing over the front outlet of the heater in order 
that any traces of fumes liberated from the heated 
needle might be carried into the sulfuric acid trap 
and not released in the room. 

When this unit was originally designed, the 


question arose whether it could be used safely on 
the cultures Jest the hot needle injure them by its 
own heat or by fluid heated to boiling and ex- 
pelled from it onto the sheet of cells. The system 
finally worked out has now been used for more than 
2 years and has given satisfactory results. To 
remove fluid from a culture flask, the needle was 
removed from the heater and at once inserted into 
the open mouth of the flask. Before it entered, 
however, the operator had already exerted pres- 
sure on the rubber tubing around the glass-bead 
valve and so established a rapid flow of air through 
the glass tube. The tube was lowered along the 
inner bottom surface of the flask throat; mean- 
while an uninterrupted flow of air was maintained 
through the needle. As the needle tip reached the 
floor of the flask, the latter was tilted very slightly 
but not so much that fluid ran into the openend of 
the throat. The fluid was sucked out cleanly and 
in a fraction of asecond. The needle was removed, 
ihe pressure on the valve released, and the needle 
returned to the heater. In this way a needle could 
be used for evacuating a series of 150 flasks with- 
out clogging. If the needle clogged after a short 
time or if it did not suck out the fluid cleanly and 
almost instantaneously, it was not being correctly 
manipulated. Usually in such cases the valve was 
not open sufficiently. Once an operator was 
trained to use this device, the average time neces- 
sary to handle each flask was approximately 60 
seconds. Cultures used with this unit have never 
shown local injury to cells near the throat of the 
flask, and only a very few have had to be discarded 
because of some incorrect behavior of the suction 
device. 

After use, the suction-needle equipment and its 
fluid reservoir were disassembled. Rubber units 
were destroyed, and glass units given the usual acid 
treatment. The tip of the glass inlet tube of the 
first acid bottle on the suction unit was flamed very 
hot to eliminate any traces of carcinogen that 
might have adhered from spray passing through 
it, and it was capped until the next change of fluid. 
The aluminum front of the electric heater was 
heated with an open flame as hot as possible with- 
out fusing to destroy any traces of methylcholan- 
threne that might have been left on it by the 
needle. 

No culture that was receiving carcinogen or that 
had ever received it was ever opened until all 
normal cultures had been washed, fresh fluid 
added, and the cultures sealed. Similarly, no cul- 
ture that was receiving carcinogen was opened 
until those that had once had carcinogen but were 
no longer receiving it were resealed. There was 


no exception to this rule. Careful checking and 








the different colored labels on the three series 
precluded any chance disarrangement in the order 
of handling. 

In a few instances when one or two drops of a 
carcinogen-containing solution were accidentally 
spilled on the table or the floor during the hand- 
ling of the cultures, the solution was cleaned up at 
once by wiping the area repeatedly with a succes- 
sion of cotton swabs soaked in acetone or benzene. 


PROCEDURE FOR RECORDING CHANGES IN 
Siz—E or CULTURES 


One of the usual techniques, and the simplest, 
for estimating the enlargement of a culture is to 
determine and plot the area at different times after 
planting. Parker (7) and Cunningham and Kirk 
(8), among others, have pointed out that this is not 
a true index of growth but that it is complicated‘ 
by other factors. When cells are treated with 
methylcholanthrene, the number of cells in each 
unit area of the treated cultures is different from 
that in the controls; the curves obtained are, 
therefore, certainly not a reliable index of growth. 

Even though this be true, the need was felt for 
some simple and easily applied index which could 
be used to keep some record, other than that of 
cell description, of the deviation of the carcinogen- 
treated cultures from the normal. Since the ear- 
lier work had shown that the action of the carci- 
nogen could be detected within a very short time 
by the lagging of the rate of increase in area or 
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Ficure 5.—Rvling of ocular micrometer disk for 
recording changes in the width of cultures. 
The ruling is displaced slightly from the center 


to facilitate the measuring of small cultures. 
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width of the treated cultures and since this retar- 
dation seemed to be associated with the action of 
the carcinogen, it was felt that this index was worth 
using as a working guide. The index, as in the pre- 
vious work with strip-shaped explants (2), con- 
sisted of a record of the changes in the average 
width of a culture, the length of the strip being 
left out of consideration. In all instances the 
width was determined by measuring the culture 
under a compound binocular dissecting micro- 
scope fitted with paired 1.0 X objectives and 
9 X oculars, one ocular carrying a special microm- 
eter disk divided, as shown in figure 5, to read 
numbered intervals of 1.0 mm. actual size of the 
object, with ruled subdivisions of 0.2 mm. _ This 
gave a simple and rapid means of estimating the 
width of the cultures to 0.1 mm. without subject- 
ing them to intense light. The data obtained by 
this method of measuring were collected on all cul- 
tures and plotted to give curves for each genera- 
tion of each culture strain. These curves are 
not presented in this paper on account of the dif- 
ficulties in reproducing them for publication. 
The interruption of these curves because of 
periodic transplantation of the cultures into 
fresh flasks offered a serious difficulty to obtaining 
a satisfactorily connected picture in the culture 
strains under experiment. To show this progres- 
sive change, the width of the zone of new growth 
was taken at 5, 10, and 15 days after explantation. 
These three readings were averaged and plotted 
as an average width at a time 10 days after ex- 





plantation (fig. 6). In a few instances where the 
width curves ran only 13 or 14 days, the value 
for 15 days was obtained by extrapolation. These 
various average points on any one strain of cul- 
tures were then joined by a continuous line. In 
this way, for any one carcinogen-treated strain 
one continuous line was obtained, and for its 
normal control cultures another line was simi- 
larly obtained. The number of cultures averaged 
to give each point on the curve is shown by the 
number opposite the point, while the letter 
adjacent indicates the cell strain used to give 
that point. This notation is necessary since often 
one set of controls was used for more than one 
experimental series. To show the relationship of 
control and experimental culture when this oc- 
curred, the curve from the control was repeated 
for each series for which it was used. Similarly, 
where strain N, for instance, originated from 
strain O, the early part of the curve from strain O 
has been drawn in for the strain N curve to com- 
plete the picture of the curve. The time each 
experimental strain was left in the carcinogen is 








INCREASE IN WIDTH OF CULTURES IN MILLIMETERS 


CELL CHANGES OBSERVED 
1941 1942 1943 


AUG. SEPT OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG. SEPT OCT NOV DEC JAN FEB MAR APR MAY 
SiS 115 115 11 1 GH 11S 1 Ht FH 1 Ht ht St Sti Sti 6 tS tS tS + Ht Ht HS + S$ t Ss 30 












































PELEERENL ET PTET TITTY PEP TTT PTT PT Ap Tp UO Uo 
DaYS—eO 25 SO 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 
UU UU UU OO T | ry [UTTPTTTTYT UU UU A 2) 0 
SOL si NPS * MFB iso 
*. 
100;— 
H 
5.0|— 
oe 
150 
100}— 
I 
50|- 
oO} 
150}— 
100} 
J sol 
: J-0 540 56 9-2 
oe mms 32 DAYS IN METHYLCHOLANTHRENE io 
SOF 0-8 K-10 —f0 
2~ 0-7 D-Qe_ - 
106 — D-6 --« —!00 
K = 
SOF 0-9 10 K-7 Ke *«-9 K-9 —5.0 
() = quem 55 DAYS IN METHYLCHOLANTHRENE o 
150 150 
6 100}- 0-0 SP —hao 
50}— 6-8 6-0 G10 —{5.0 
Ch ques 76 DAYS IN METHYLCHOLANTHRENE io 
iSO} ici —150 
L 100}— 0-6 (-8 ~7!00 
5Or— OO 0S Ue Lp ve wl Ly tO Us TS —50 
(o) ||| DAYS IN METHYLCHOLANTHRENE so 
15OL oa 150 
S07 pip 029 0-10 am — 
100}— p- Naame". 0-10 D-10_ 2 --*s.0:0- <_0-10 0-7 ~._ 08 +100 
D — “e208 0.g.-**~07" “*ss.0-8 
50}- D-9 0-0 D6 0-10 pio a - 5.0 
Oh [70 DAYS IN METHYLCHOLANTHRENE +0 
150}— os —150 
100 ~~ 100 
N 50 
s o3 (OC? 88 NG NID IO NHO CON NO Ne NT wa N-8 150 
es 184 DAYS IN METHYLCHOLANTHRENE i 
° 406 DAYS IN METHYLCHOLANTHRENE -c 
aMuvaalnesMesasD ass canal as slisnafesasfauatassafas atsssafassbasssfasesfassafasesDasashassabasasfasesfasssfassatasssdaslas 
DAYS—*O 25 SO 78 100 125 ISO 175 200 225 250 275 300 325 350 375 400 425 450 475 S00 525 850 STS 600 625 650 


Ficure 6. 





solid line; the control is shown by the broken line. 


cinoge 
by the 





SS (StS St str sisi Sisi Sr sti stisei s+ rotet+tets 616 t 6 t 8 30 
AUG SEPT OCT NOV DEC JAN FEB MAR APR’ MAY JUNE JULY AUG SEPT OCT NOV. DEC. JAN FEB MAR APR MAY 


1941 1942 1943 
TIME IN DAYS 


Continuous width curves for all strains. The carcinogen-treated cultures are shown by 


the 


The time the treated cultures were left in car- 


n is shown by the heavy black line. Each curve is identified according to its strain of cells 


large letters opposite it. 





176 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


shown by the length of the heavy black line below 
the respective curves. These continuous width 
curves are presented through May 18, 1943. 

This type of curve was plotted for each of the 
strains studied. The curves (fig. 6) are designated 
continuous width curves. 


RESULTS 


ORIGIN AND DESCRIPTION OF THE PRIMARY 
NorMAL-CELL STRAIN 


The strain of fibroblastlike cells used was 
originally taken from a 100-day-old male 
mouse of the C3H strain, Andervont sub- 
On October 18, 1940, the mouse 
was decapitated. 


strain. 
Without including mus-, 
cle tissue and the regional lymph node, the 
connective and fatty tissue pad along the 
side and just in front of one of the hind legs 
was removed and cut into six strips each 
about 2.2 mm. wide and 6.0 mm. long. 
Each strip was planted in a separate flask. 
When examined just after planting, much 
of the tissue was seen to consist of fat cells. 
Five days later, the only sign of migration 
At 10 
days, the width of the strips had increased 
from 2.2 to 10.2 mm., and the growth was 


was an occasional projecting cell. 


recorded as luxuriant and even but some- 
what loose; there were numerous cells in 
the growth zone which contained large fat 
droplets, and it appeared certain that the 
fat cells had contributed materially to this 
From the reduction in size of the fat 
droplets, it also appeared that many of 


zone. 


these cells were losing their fat droplets. 
Growth continued until 42 days after 
At this time, one of the 
cultures had been lost through accident. 


explantation. 


The remaining cultures showed an average 
width of 18.0 mm. The fringe of cells 
showed even less fat than earlier, because of 
a reduction both in the number of cells 
containing fat droplets and in the size of 
the contained droplets. 

The cultures were transplanted into 
from 5 to 8 flasks each, the explants being 


selected so as to include none of the 
original explant. All grew luxuriantly, 
and all except 1 were carried on for a 
number of generations and then closed out. 
This 1 was transferred to 3 flasks 63 days 
after planting. In this third generation 
growth was excellent and even. One 
selected culture was transferred to 6 flasks 
43 days later. One of these was again 
transferred to 10 flasks 39 days later, and of 
these 1 was transferred to 5 flasks 30 days 
later (May 22, 1941). Of these 5 cultures, 
2 were selected and built up into a series 
which was used for the 
reported herein. 


experiments 
All cultures used in this 
work originated from 1 of these 2 cultures. 

The amount of fat droplets seen in the 
cultures had rapidly lessened until by the 
third generation often whole cultures were 
entirely free from all except the few very 
small fat droplets normal to growing fibro- 
When the 
cultures were carried in the same flask so 
long that the density of the cell population 
caused overcrowding, particularly among 


blasts in this culture medium. 


cells deep within the clot, some cultures 
showed a rapid temporary formation of 
large fat droplets within the cells, but this 
formation subsided at when the 
cultures were transferred to fresh flasks. In 
the later history of the strain, large fat 
droplets showed up sporadically under 


once 


these conditions, but the number of cells 
showing such droplets was small in relation 
to the number of cells in the culture. The 
droplets disappeared as soon as the culture 
was shifted into a fresh flask with fresh 
culture medium. 

The structure of these cultures was 
normal for cultures of fibroblasts previ- 
ously described (2), the architecture was 
loose, and the cells were of characteristic 
shape, adhering to each other usually by 
Figures 8, B, 9, B, 
and 11, B, show typical culture structure. 
The refractive index of the cells was low, 


terminal processes. 
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and particularly in very dense cultures 
the cells were often hard to see. There 
was no clear relationship between relative 
growth on the surface of the clot closest 
to the fluid and that nearest the glass in 
the early life of the cultures. At both 
surfaces the cells seemed to be rather 
similar, although at each they were usually 
more flattened than were those within the 
body of the fibrin clot. 

The rate of growth of the cells was 
comparable with that of earlier strains of 
normal fibroblasts carried in this culture 
fluid. There was variation from flask to 
flask, and growth during some generations 
was better than during others. Frequently 
these variations could be traced to minor 
differences in handling; too frequent 
shifting of the cultures to a new generation 
resulted in smaller explants and in low 
cell density within the new explants, and 
these poorer explants in turn gave rise to 
even poorer growth. Similarly the hold- 
ing of cultures too long before transfer 
resulted in diffuse central necrosis and 
poorer growth when the cultures were 
transferred. The best interval for transfer 
with the range of explants used was 
probably about 35 to 40 days. 


SEQUENCE OF CHANGES IN FRESHLY TRANS- 
PLANTED NORMAL CULTURES 


During any one generation the sequence 
of changes in these normal cultures was 
approximately as follows: 

For about 8 to 12 hours after explanta- 
tion there was no appreciable sign of 
migration of the cells. At 24 hours there 
were often a few cells or cell processes out, 
which lay at all levels within the thickness 
of the clot and often resembled spikes. 
This fringe got wider and denser; at several 
days there was a luxuriant growth, the 
cells of which usually showed a definite 
tendency to concentrate along the inter- 
faces of the clot, that is, in the layer of clot 


_comparing different cultures. 


/ 


closely adherent to the glass and the one 
next to the overlying fluid. These layers 
will be referred to later as glass and fluid 
interface layers, respectively. The cells at 
the edge of the migrated zone were typi- 
cally fibroblastlike, with characteristic 
spindle, flattened-spindle, or less frequently 
triangular shapes, and with frequent, long, 
terminal, threadlike processes. At this 
stage the culture was often troublesome to 
photograph with higher power lenses for 
several reasons: (1) There were irregulari- 
ties in the thickness of the clot very close 
to the explant; (2) in reaching the glass 
and fluid interfaces, the cells within the 
clot sometimes lay along a slope so that 
when examined with higher lenses the 
whole length of the cell could not be 
focused at once; and (3) the layer of cells 
at this stage was frequently very thick, 
often with a lack of areas of cell density 
suitable for photographic records. Nor 
was the comparison of the increase in size 
of the clump ‘with that of carcinogen- 
treated cultures as satisfactory during the 
first few days as it was a little later, since 
the experimental and control cultures had 
not grown sufficiently long to indicate 
clearly divergent rates of growth. 

As the growth of the culture continued, 
there was a stage at about 8 to 10 days 
which was probably the most useful for 
The cells 
were not laterally coherent as the growth 
of the cultures was typically loose, mitoses 
were frequent, and there was no sign of 
degeneration. At this time no regularity 
was observed, whether the glass or fluid 
layer was the larger, although as a rule 
the edges of the fluid layer were somewhat 
looser. The edge of the normal culture 
was usually not too loose to permit the 
estimating of the culture diameter. At this 
stage also, experimental cultures had had 
time for their width curves to develop any 
divergences. 
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In the later growth of the culture, a num- 
ber of complications interfered with the 
determination of the rate of increase of the 
size of the clump. Measurements of the 
width of the normal culture were often 
complicated by the extreme looseness of 
the sheet of cells. In some instances, there 
was no real edge to the culture, loose cells 
reaching the edge of the flask at 18 days of 
culture growth. This condition was worse 
at the fluid interface where sometimes the 
lack of a definite culture edge was caused 
by the fact that the cells had been washed 
loose from the culture and had reanchored 
themselves in the more peripheral parts of 
the clot. Often, too, little clumps of cells 
that had broken loose from the culture at 
its planting proliferated and at this stage 
reached such a size as to interfere with de- 
terminationsof thesize of the central clump. 
Consequently, width curves were irregular 
in this later period. Frequently the cell 
sheet at the fluid interface had grown so 
large and dense that study of the cells at 
With a 
very dense and rapidly growing clump, the 


the glass interface was obscured. 
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study was further confused by traces of 
diffuse necrosis in the central area of the 
glass layer. 

Once the loose cells reached the edge of 
the flask, growth could obviously not in- 
In- 
stead, from about 21 to 30 days on, the 
growth of the culture was manifested as 
increased cell density in the more pe- 


crease the diameter of the culture. 


ripheral areas. This increase tended to fill 
in the body of the clot. The culture was 
more difficult to examine and to photo- 
graph. In its last stages diffuse necrosis 
began to appear, first along the central 
area of the glass interface. When a large 
strip explant was used, the culture in this 
interval usually thickened to a heavy sheet 
of cells that reached the edge of the flask. 
With smaller explants, this migration to 
the edge of the flask was slower. 

The foregoing general description held 
approximately for norma] stock cultures 
and for controls up to the time lateral co- 
hesion of the cells was observed. Owing 
to the various complications that occur 
during the very early and the very Jate life 
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Ficure 7.—General relationship of the culture strain 








s. The interval during which any strain of cells 


received carcinogen is shown by the very heavy lines, while the time at which the strain was removed 


from the carcinogen is shown by the ending of t 


indicate when the culture was lifted out as a separate strain. 


he heavy line or by the vertical dotted lines which 
Approximate times of changes of the 


cultures into new flasks, with corresponding changes of the fibrin clot, are shown by the short upright 


The | 


lines arranged along the horizontal lines. 


etters denoting the different cell strains correspond 


to the strain labels in our records and are used to identify them. 








CELL CHANGES OBSERVED 179 


of the cultures, in these experiments an 
attempt was made to correlate visual, pho- 
tographic, cinematographic, and stained- 
slide records of the cells within the interval 
from 8 to 15 days after the culture was 
planted, preferably 8 to 12 days after. At 
this time, there were usually satisfactory 
areas of cells clearly defined along the glass 
and fluid interfaces, the sheets were not 
too dense for examination, and there was 
Fur- 
thermore, as will be seen later, this period 


no necrosis of the normal cultures. 


was probably the most suitable one for 
study of carcinogen-treated cultures. 


RELATIONSHIP OF THE EXPERIMENTAL 
CELL STRAINS 


The relationship of the different strains 
of the carcinogen-treated cultures may be 
seen from figure 7. Until August 1942 
each strain of cells was carried with its own 
control. All cultures were in the same 
culture fluid medium; but since not all the 
cultures could be transferred to fresh flasks 
simultaneously, different strains with their 
individual controls were transferred on 
different days. In order to compare the 
different strains more accurately, in August 
and early September 1942 the strains were 
regrouped. Since all control cultures had 
a common origin and since recognized 
them 


were extremely slight, the controls of strain 


morphologic differences between 
D were carried on as the control on all 
cultures and all other control strains were 
closed out. The carcinogen-treated cul- 
tures were then regrouped into several sets, 
so that the cultures of each set were trans- 
ferred on the same day with the same solu- 
tions and so that each set contained cul- 
tures from strain D control, and H, J, L, 
N, and O carcinogen-treated strains. This 
reorganization allowed close comparison 
of the different strains under identical 
conditions. 


In the following description of the 


changes in the cells of the different strains, 
the progress of the continuous width 
curves is given to the end of May 1943 and 
the cell changes observed in the living cul- 
tures to September 1942, whereas the cell 
changes from October 1942 through May 
1943 are given in another section, in which 
the cells of the different strains are more 
closely compared. 


Continuous WIDTH 
CuRVES FOR THE DIFFERENT STRAINS 
THROUGH APRIL 1943, AND DESCRIPTION 
oF CELL CHANGES OBSERVED IN THE 
CuLTuRES THROUGH SEPTEMBER 1942 


COMPARISON OF 


Strains N and O (Series 208) 


Strain O, the first of the experimental 
strains, was started August 5, 1941, after 
the cells had been carried 291 days in 
vitro. Four cultures were selected, and 
from each, two strips were cut lengthwise 
along the explants. Each was in turn 
halved transversely. Two explants from 
each original culture were maintained as 
controls; 24 hours later the other two 
explants from each culture were started in 


Two of 


explants were 


the methylcholanthrene solution. 
these 
damaged with a hot spatula and were dis- 


carcinogen-treated 


carded shortly after planting. The strain 
has been carried on by consecutive trans- 
fers up to the present time. The continu- 
ous width curve of this series is shown in 
figure 6, section O. 

During the early days of this strain, there 
was no evidence that the carcinogen 
caused any accelerated rate of increase of 
width of the cultures. Six to eleven days 
after the addition of the carcinogen, the 
width curve of the treated cultures showed 
a definite depression relative to that of the 
controls. At 14 days, the depression was 
more severe; in the second generation it 
was even more so. 

A visual examination of the cells during 
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the first few days after addition of the 
carcinogen showed no clearly defined 
change. There was no sign of lateral co- 
hesion or of ribbon or sheet formation. If 
there was any degeneration in the cultures, 
it was so slight that its existence was un- 
certain. The only suggestion of an inju- 
rious influence was some slight lateral 
shrinkage of some of the cells. 

At 45 to 48 days after addition of the 
carcinogen and 11 to 14 days after transfer, 
the treated cells were less spindle-shaped, 
more sheetlike, with definite shortening of 
their slender processes. The 
cultures were more compact than nor; 
mally, and their edges appeared less reticular 
and loose and showed fewer loose cells. 
There was a definitely increased irregu- 
larity of cell size. 


terminal 


Numerous mitoses were 
seen in both experimental and control 
cultures. 

At 52 days, 17 days after transfer, the 
changes described had progressed. The 
cells were very granular; some cells were 
up to eight times their normal size; numer- 
ous cells appeared in mitosis in both 
experimental and control cultures. 

At 73 to 76 days, 9 to 12 days after trans- 
fer, the terminal processes of the cells were 
shorter, more blunted, and showed definite 
lateral irregularities suggestive of amoe- 
boid rippling or frothing. The cells were 
still spindle-shaped and adherent laterally 
so that the edge of the culture appeared 
even more compact and less reticular or 
lacelike in architecture (compare fig. 8, 
A and B). 
cells. The glass interface layer was domi- 
nant, and there was little or no fluid layer 
at this stage. 

At 97 days, 7 days after planting, the 
glass interface layer was extremely com- 
pact, with few or no loose cells at its edges. 
The fluid interface layer was less pro- 
nounced and less characteristically co- 
herent than was the glass layer. The 


There were few, if any, loose 


culture edge showed numerous short cell 
processes, and there were only occasional 
epitheliallike lobes at the edges. The ter- 
minal processes of the cells were usually 
very short, and the amoeboid structure of 
the lateral edge of these processes had ex- 
tended farther toward the mid region of 
the cell. The whole lateral edge of the 
processes often had an amoeboid appear- 
ance (cf. fig. 9, A and B), which was so pro- 
nounced that in some instances it was hard 
to delimit the exact edge of the cell. The 
cells seemed more granular than the con- 
trols, and there was 
disintegration. 

At 106 days after addition of the methyl- 
cholanthrene and 16 days after planting, 
the cultures were very dense, and there was 
a large area of central necrosis. The cells 
were very closely coherent into sheets over 
extensive areas, and the culture edge was 
abrupt (figs. 10, A and B, and 11, A). 
The cells shown in figure 11, B, are the 
control for those in figure 11, A. 

In some instances the edge was made up 
of short projecting spikes of cells, in others 
the cells were flattened, often epitheliallike. 
The cell processes were extremely short, 
while the amoeboid rippling or bubbling 
along the edges of the cells often extended 
the whole length of the cells. There was 
extensive cytoplasmic granulation. 

During the subsequent interval up to 
184 days after the first addition of carcino- 
gen, there was no feature of note except a 
gradual progression of the processes al- 
ready described. Often in this period the 
cultures showed lobed edges typical of 
epithelium in culture. 

On February 6, 1942, after 184 days in 
the carcinogen and 31 days after planting, 
the cultures had gone through six genera- 
tions of transplantation. At this time a 
group of four cultures was removed from 
the carcinogen and set up as strain N 
(fig. 7). From this time on the cultures of 


more local cell 





CELL CHANGES OBSERVED 


Ficure 8.—A, Culture from strain O, 76 days after first adding carcinogen and 12 days after planting. 
The black circle is an optical imperfection; B, Normal control cells. Both A and B are cells at the 
glass interface. XX 20. 
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Ficure 9.—A, Edge of culture of strain O, 97 days after addition of carcinogen and 7 days after planting. 


Note shortening of cell proce: and occurrence of lateral frothing or rippling; B, Normal control 


cells. Both A and B are cells at the glass interface. XX 200. 
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sURE 10, A and B.—Edge of culture of strain O, 106 days after addition of carcinogen and 16 days 


after planting. Note extremely short cell processes and definitely amoeboid appearing edges. Figure 


9, B, can be taken as representative of the normal culture at this time. The dark areas of shadow 
in the print arise from droplets of fluid on the roof of the flask. > 200. 
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Ficure 11.—A, Edge of culture of strain O, 132 days after addition of carcinogen and 12 days after 
planting. Note epitheliallike cell shape, the suggestion of granularity, the less clearly defined cell 
axis, and the shortened processes; B, Control cells. Both A and B are cells at the glass interface. 
Oblique lighting. X< 200. 
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Ficure 12.—An extremely small cell clump which arose from a fragment in a flask with a larger size 
clump of strain N, 57 days after removal from carcinogen and 18 days after planting. The clump 
is situated near and at the glass interface. One end of the clump is at a lower level and is out of focus. 
Note the close cell cohesion and the irregularity of the cell surface, also the complete absence of 


necrosis at a time when the central area of the larger clump showed extensive necrosis. 


strain N were carried without further addi- 
Through the end of 
May 1943, the strain had been carried a 
total of 663 days since the original addition 
of carcinogen and 479 days since removal 
from it. 


tion of carcinogen. 


During the four transfers following the 
removal of this strain from the carcinogen, 
the continuous width curve (fig. 6) held to 
the same even, depressed level it had shown 
while the cells were in the carcinogen. 
With the omission of the first reading in the 
curve following the original addition of 
carcinogen, at which time the curve had 
not reached this low level, the average 
value for the curve through the fourth gen- 


eration following removal from carcinogen 
Beginning with the fifth 
generation after removal from carcinogen 


was 4.6 mm. 


xX 200. 


and including the 11 transfer generations 
through May 1943, the curve showed much 
greater fluctuation, while the average level 
of the curve for these 11 generations rose 
to 6.0 mm. 

No great change in the appearance of 
the cells was noted in the period imme- 
diately following removal from the carcino- 
gen. There was no evidence suggesting a 
further progression of the cell changes 
noted. The close coherence of the cells and 
the altered character of the cell surface at 
this stage are particularly well shown in 
figure 12, 57 days after removal from 
methylcholanthrene and 18 days after 
planting. 

The strain of cells continued in the car- 
cinogen after 184 days (strain O) was car- 
ried on uninterruptedly until September 








16, 1942, or 406 days after the first addi- 
tion of carcinogen. Following the initial 
depression in the first generation after 
addition of carcinogen, the continuous 
width curve of this strain held to a relative- 
ly constant depressed level] through the 
eleventh transfer generation (fig. 6, sect.O). 
The average level of the curve during this 
time was 5.0 mm. Beginning with the 
twelfth transfer generation, there was a fur- 
ther depression of the curve which held to 
a relatively constant lower level for two 
generations. 

At the end of that time so much difficulty 
was being experienced in transferring the 
strain (the average fringe of migrated cells 
was only 2.7 mm. wide at the end of 16 
days, and even the more central cells of 
this fringe were already necrotic) that 
there seemed to be no doubt but that con- 
tinuation of the cultures in the carcinogen 
would result in loss of the strain within the 
The carcino- 
gen was therefore discontinued September 
16, 1942, 406 days after it was first added 
to the cultures. 


next two or three transfers. 


For the next three generations following 
removal of the culture from the carcinogen, 
the continuous width curve held to the 
same low level, the average level] for these 
three generations being 3.0 mm. Begin- 

aiter 
remcval of the culture from the carcinogen, 


ning with the fourth generation 
the curve showed increased fluctuation. 
while the average height of the curve 
during the next five generations (ending in 
May) was 5.0 mm. 

The progression of cell changes in strain 
O during the period 184 through 406 
days was a continuation of those shown 
A and B, and fig. 14). 


The adhesion became increasingly severe, 


earlier (fig. 13, 


with a further increase in production of 
dense sheets and masses of cells, the sheets 
at their edges often showing lobe-shaped 
projections similar to those seen in cultures 
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of epithelial cells. The cells were short, 
often more or less rounded, and adhered 
laterally to those them. Cell 
structure in such massive sheets was very 


around 


hard to study; but where more isolated 
cells were found on the glass interface, the 
cells no longer showed the characteristic 
spindle shape of the fibroblast. The indi- 
vidual cells were usually irregular in shape, 
and there were often short lateral proc- 
esses. The edges were often frothy and 
ruffled along the whole length of the cell 
(fig. 14). During the same period there 
was a further increase in the granulation 
of the cytoplasm so that the cells were 
No well-defined al- 
terations in the nuclei were observed in the 


extremely grandular. 


living cells, although this point has not as 
yet been critically studied. 


Series 202 


Series 202 was planned to obtain more 
detailed data on the earlier stages of the 
action of methylcholanthrene, particularly 
the influence of graded doses. 
D, E, F, and G were, therefore, started 
November 20 and 27 and December 4 and 


Strains 


11,1941, respectively, while the carcinogen 
was added December 5, 19, 12, and 12. 
The addition of carcinogen to the series 
was so planned that in each of the strains 
it was made at a different time after 
planting, at 15, 22, 8, and 1 day, respec- 
tively. 

Because of circumstances that had no 
connection with the behavior of the cul- 
tures, it was 
strains E, F, and G at 29, 36, and 75 days 


necessary to discontinue 


after the original addition of the carcino- 
gen. For that reason, these strains con- 
tribute little to the data. The continuous 
width curve of strain G is shown in figure 
6, section G. The early cellular descrip- 
tion of these strains is similar to that of 
strain O. 


Strain D, however, was continued and 





CELL 


CHANGES OBSERVED 


Ficure 13.—Edge of culture of strain O 
A, Cells of glass interface. 
of growth; B, Cells of the fluid interface. 
greater width of the zone 


Note the relatively loose structure of the culture and the 
Both A and B. 


403 days after addition of carcinogen and 11days after planting. 
Note the massive sheet formation and the very limited width of the zone 
of migrated cells 


x 40. 
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Ficure 14.—Edge of culture strain O, 403 days after addition of carcinogen and 11 d 
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ays after planting. 


Cells of glass interface, just before removal from carcinogen and at a time when growth was so slow 


y 
“SN 


that it seemed the series would be lost. 


The cul- 
tures of this strain were removed from the 


was studied in greater detail. 


carcinogen at different intervals and were 
carried along with their respective con- 
trols. Strain H was removed at 6 days, 
strain I at 13, strain J at 32, strain K at 55, 
and strain L at 111 days after the first 


With 


moval of strain L from carcinogen, strain 


addition of carcinogen. the re- 
D experimental cultures were closed out, 
while the controls of this strain were run 
under their original label (D) as the con- 
trol cultures for strain L. 

Strain D. 
strain are shown in figure 6, section D. 


‘The continuous width curves of this 
To get 
an uninterrupted record, these curves have also 
been included in the early part of the curves of 
strains H, I, J, K, and L. 

The continuous width curve of strain D was 
depressed sharply in the second generation at 19 
days after addition of the carcinogen. It is most 
likely that have been 
detected even earlier if the time of adding the 
carcinogen to the cultures had been different in 


this depression could 


200. 


In the four subse- 
quent generations the strain was carried, the 
depression did not increase but growth was held 
to a level uniformly much lower than that of the 
control cultures. 


relation to their last planting. 


The average level of the curve 
for the second through the sixth generation was 
6.3 mm. 

In a group of four photographs each of controls 
and treated cells at 25 days after the first addition 
of carcinogen, one treated culture showed notice- 
able cell cohesion. There were very few loose 
cells. The cells were more sheetlike, with shorter 
and more amoeboid appearing terminal processes 
than the controls. In instances the cells adhered 
terminally to form strands and short ribbons of 
relatively uniform diameter. These formed loops 
and twisted into arches, occasionally joining other 
loops laterally. At 47 days, five of nine cultures 
photographed showed this cohesion. The cells at 
this time showed definite lateral amoeboid outlines 
of their terminal processes. The cohesion pro- 
gressed at what appeared to be a rate approxi- 
mately comparable with that in series 208, until 
the strain was closed at 194 days. 

Strain H.—Strain H was removed from strain D 
after 6 days in the carcinogen, and its control was 
removed from the control of strain D at the same 
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time. When examined at this time and shortly 
thereafter, the carcinogen-treated cells looked 
entirely normal. There was certainly no sign of 
change of culture architecture, cell shape, or any 
increase in cell cohesion. In spite of this, the con- 
tinuous width curves (fig. 6, sect. H) showed a 
sharp drop in the generation directly following the 
removal of the cells from the carcinogen. In the 
next generation, however, growth was practically 
equal to that of the controls; and in the generation 
following, the average width and continuous width 
curves were slightly higher than those of the 
controls. During the last part of the second 
generation after removal from the carcinogen, 
that is, 64 days after removal, only one culture of 
eight examined showed recognizable cohesion of 
the cells. 

In the fourth generation following removal from 
the carcinogen, the continuous width curve of this 
strain showed a sharp drop, and at this same time 
nearly all the cultures of the strain showed definite 
cohesion of the cells. This general cohesion was at 
131 days after the carcinogen was originally added 
and 125 days after it was discontinued. The edges 
of the cultures were abrupt, and there were few 
loose cells. The cells spindle-shaped, 
shorter, more sheetlike than normal cells, and had 
short amoeboid-appearing terminal processes. 
Short cell strands arborescing and re-fusing were 
observed. There was an increased amoeboid 
appearance of the lateral edges of the cell, particu- 
larly along the terminal edges of the cell processes. 

In the interval from the drop of the continuous 
width curve in the fourth generation to October 1, 
1942, the series continued to show a consistent but 
limited cohesion of the cells with consequent 
alteration of the architecture of the clump. This 


were 


cohesion never reached as severe a degree as that 
shown in either strain N or strain O. 

While the continuous width curve of this strain 
has fluctuated probably more than any other 
experimental curve, subsequent to the depression 
in the fourth generation at the time of cellular 
cohesion and through May 1943, it showed no 
definite, trend of change. The 
average level of the curve after the removal of the 
cells from carcinogen and through May 1943 was 


recognizable 


7.6 mm. 

Strain I.—Strain I was removed from strain D 
after 13 days in the carcinogen, at which time a 
control was started from the control of strain D. 
As may be seen from the continuous width curve 
(fig. 6, sect. I), in the first generation after the 
removal from the carcinogen there was no de- 
pression noted relative to the controls. Since, 


however, this determination was made on only 
three flasks for the control and two for the car- 
cinogen-treated cultures, it cannot be relied 
upon. Only in the third generation were there 
enough cultures to give a reliable average. At 
that time the continuous width curve was some- 
what lower than that of its controls and continued 
so until the series was closed out July 28, 1942, 
235 days after the original addition of carcinogen. 
The average level of the curve from the second 
generation on was 7.3 mm. 

The typical cohesion noted for the other series 
appeared in strain I sometime during the second 
generation after removal from the carcinogen. 
An exact record of its first recognized occurrence 
was not obtained. The degree of cell cohesion 
seen in strain I was in general comparable with 
that observed in strain H and was less than that 
observed in strain J. A detailed description, 
however, was not recorded. 

Strain J7.—Strain J was removed from strain D 
after 32 days in the carcinogen. The controls of 
this series were removed from the strain D con- 
trols at the same time. Even before these cultures 
were removed from strain D, the continuous 
width curve of the latter had shown a noticeable 
depression relative to its controls (fig. 6, sect. J). 
This depression continued uninterruptedly and 
at relatively constant level for 12 transfer gener- 
ations following removal from the carcinogen. 
The average level during this time was 5.3 mm. 
Beginning about February 1943, however, the 
level of the curve became more erratic. The 
average level during this last period, through 
May 1943, was 7.4 mm. 

The first record of a recognizable alteration in 
the cells of this strain was at 45 days after the first 
addition of carcinogen. At this time, of 10 
cultures examined 4 showed definite cell cohesion; 
shortly thereafter all showed cohesion. Cohesion 
appeared earlier and was more severe than in 
strains H or I but was less severe than that in 
strains N or O, and continued to increase for 
possibly 60 days after removal of the cells from 
carcinogen, after which further change was less 
noticeable. 

Strain K.—Strain K was removed from strain D 
after 55 days in carcinogen and after strain D had 
already shown a severe depression of the con- 
tinuous width curve (fig. 6, sect. K). This depres- 
sion continued at a relatively constant level as 
long as the strain was carried, that is, for five 
generations following removal from carcinogen. 
The average level of the curve from the second 
generation on was 6.6 mm. At 64 days after first 





addition of the carcinogen, one flask of eight 
examined showed the cells of the culture to be 
typically coherent. This cohesion became in- 
creasingly severe, until at 139 days nearly all 
flasks showed typical cohesion and the formation 
of short strands, ribbons, and loose, fenestrated 
sheets. Later changes in the cells were progres- 
sive for a short interval after their removal from 
the carcinogen, but after this they showed no 
further recognizable progressive changes, nor did 
the cells show any recognizable loss of the changes 
already induced. The strain was closed at 237 
days after the first addition of carcinogen. The 
controls of this strain appeared entirely normal 
as long as they were carried. 

Strain L.—Strain L was removed from strain D, 
together with its controls, 111 days after the first 
addition of carcinogen. At this time its continu- 
ous width curve was showing the usual depression 
(fig.6, sect. L). The depression was much more 
severe than that for either strain H or strain I and 
was comparable with that shown by strains J and 
N. The curve continued at this low level through 
the ninth generation after removal from the car- 
cinogen, the average level being 6.2 mm. During 
the next five generations (through May 1943) the 
curve showed erratic fluctuations, while the aver- 
age level during this period was 9.5 mm. 

The progression of cell changes observed in the 
cultures was similar to that described for the cells 
of strain N at comparable ages, up to the time of 
removal from the carcinogen, while after that time 
the cell changes were similar to but less severe 
than those of strain N. 


Control Cultures 


During the early part of the experiment, 
that is, until May 1942, the control cul- 
tures had been watched very closely and 
had appeared entirely normal. During the 
interval from May to July they were 
examined regularly in determining the 
width curves, but the celluJar structure 
was watched somewhat less closely, more 
attention being given to increasing the 
number of cultures in the experimental 
series in order to study the behavior of 
the cells on reinjection into mice. 

The first evidence of any abnormality 


in the morphology of the control cultures 
1942, at 
which time three cultures in the strain H 


dated from about August 5, 
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controls had definitely coherent architec- 
ture, typical of the cultures treated with 
methylcholanthrene. These three cultures 
were discarded. The other controls were 
normal] at this time. On June 18 a series 
of normal] cultures was reinjected into C3H 
mice, and some of them showed tumors 
after a latent period of about 60 days, that 
is, about August 18. It was only when the 
tumors appeared that a re-examination 
revealed a general slight cohesive altera- 
tion in the architecture of the control cul- 
tures. These alterations were of the same 
nature as those observed earlier in methyl- 
cholanthrene-treated cultures. 

From August 18 to September 9, 1942. 
the normal continuous width curve for 
the control cultures remained at a rela- 
About October 9, 1942, 


however, it showed a sharp depression 


tively high level. 


which became increasingly severe until 
the middle of December and reached a 
level as low as that of strain H carcinogen- 
treated cells. The carcinogen-treated 
strains may also have shown some depres- 
A criti- 


cal visual examination of all control cul- 


sion, but this was not conclusive. 


tures was made in the latter part of August 
1942. 


as follows: 


The findings may be summarized 


(1) Of the various strains of control 


cultures, not one showed the normal 


loose structure that the controls had 


shown up to May 1942. In each strain 
a large fraction of the cultures showed 
recognizable but slight cell cohesion of 
the type which had been considered char- 
acteristic of the action of methylcholan- 
threne on these cells. 

(2) The degree of alteration in some cul- 
tures was so slight that it could be con- 
sidered only as probable rather than as 
clearly recognizable. In other instances 
there was no question but that the cells 
were cohering in the usual carcinogen- 


type architecture. In no instance was this 
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cohesion nearly so severe as that seen in 
the carcinogen-treated flasks of the H 
strain, which was the least altered of any 
of the experimental strains. 

(3) No unaltered strain or line of cul- 
tures could be segregated from the rest of 
the controls. 

(4) Not all strains were equally altered. 
The controls on strain H were probably 
the least altered of any, and they were so 
slightly altered that many of them seemed 
practically normal. In numerous _in- 
stances, cultures which had arisen from the 
same explant at the last transfer showed 
distinctly different degrees of alteration. 


CuLtures From SEPTEMBER 15, 1942, To 
May 1, 1943 

A repeated detailed examination was 

made of all living cultures in late Sep- 

tember and early October 1942, the cul- 


Ficure 15.—Culture from strain D, photographed December 17, 


: \ Lo; 44s ‘ ‘ 
BN a ve P Oe a AAT cs 






tures being studied at 2, 4, 11, and 16 days 
after planting. The conditions prevailing. 
in cultures of the different strains are sum- 
marized herein, whereas the series of pho- 
tographs are from a similar study made 
about December 17, 1942. 

The descriptions of these various strains 
may be considered as characteristic. In 
all strains there was some overlap of the 
different cultures of different strains. For 
instance, in strain D an occasional culture 
was seen which was changed to a degree 
strain H 
showed some cultures typical of those of 


characteristic of strain H; 
strain D and some typical of strain J; 
similarly strain J had some characteristics 
Probably the 
closest overlap was with strains J and L, 


of strain H and of strain L. 


but even in these the average change for 
cultures of strain L. was somewhat greater 
than that for strain J. 


LLL ARR IA! Sp 


1942, 9 days after planting. Note 


slight shortening of the cell processes and slight increase in lateral cohesion, with loss of the loose 
reticular structure of the normal fibroblast cultures and with the formation of loose cell strands. 


Compare with figures 9, B, and 11, B. X 200. 
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Strain D controls.—The architecture of the strain 
D controls was loose, although more coherent than 
that of the normal cultures at the beginning of this 
series of experiments in 1941. There were rela- 
tively few loose cells at the edges of the cultures, 
and there was a luxuriant growth at the glass 
interface. Growth at the fluid interface was irreg- 
ular but in some instances was even greater than 
that at the glass interface. The characteristic 
growth at the latter is shown in figure 15. The 
cells were loosely coherent laterally and formed no 
definite ribbons but gave an architecture that 
lacked the characteristic reticular structure of the 
normal fibroblast cultures. The terminal proc- 
esses of the cells were very slightly shortened and 
were amoeboid-appearing. There was usually no 
appreciable rippling or frothing of the lateral 
edges of the body of the cell, although the extreme 
tips and lateral edges of the terminal processes 
sometimes showed a slightly amoeboid pattern. 
The long axis of the cell was well-defined; only 
occasionally was a cell seen which departed from a 
more or less definite spindle or related shape; cyto- 
plasmic granulation was not recognizably in- 


creased; nuclei were _ grossly 


normal; many 





Ficure 16.—Culture from strain H, 371 days after removal from the carcinogen and 9 days after plant- 


mitoses were seen. Cell size seemed grossly normal 
although this estimate was extremely rough. 

Strain H.—The growth of the cultures was 
luxuriant, practically indistinguishable from that 
of strain D controls; the structure was somewhat 
less loose (fig. 16), and the cells hada greater 
tendency to adhere laterally, forming more of a 
sheetlike structure in the culture. There were no 
loose cells at the edge of the culture, and the edge 
was sharp. The cells in general showed a spindle 
shape, although their terminal processes were 
shorter than those in strain D. The lateral edges 
of the terminal processes were often amoeboid 
along their whole length, down to where they 
joined with the body of the cell. The cytoplasmic 
granulation was not recognizably increased. 
Nuclei appeared grossly normal, many mitoses 
were seen, and the cell size seemed roughly 
normal. 

Strain J7.—There was a noticeable average reduc- 
tion in the width of the growing zone of the cultures 
of strain J. The structure of the clump was altered 
from that of either of the preceding strains; the 
cell layer at the glass interface was often made up 
of characteristically slender interconnected loop 


ing. Note the progressive cohesion, shortening of cell processes, and amoeboid pattern of cell edges 


as compared with figures 11, B, and 15. 





xX 200. 














is far less clear. > 200. 


of cells. In other areas the ceils were even more 
closely coherent laterally than in D or H. Such 
cells were no longer spindle-shaped but were 
more sheetlike, often with a number of lateral 
processes which gave them the appearance of 
having a far less definite axis (figs. 17 and 18). 
Cell processes were shorter, and their lateral and 
distal margins were frothy or irregular. They 
presented a pattern suggestive of amoeboid activ- 
ity. The free edges of the body of the cell were 
also rippled or amoeboid in appearance. The 
growth at the edge of the culture was very much 
less clearly radial, the radial structure being dis- 
torted by the irregular loops and strands or ribbons 
of cells, which often were arched, interlaced, and 
fused, enclosing islands of clot. The granulation 
of the cells was only slightly greater than normal. 
Nuclei looked normal, and a few mitoses were 
observed, possibly fewer than in strains D and H. 

Strain L.—In strain L the cells were even more 
sheetlike and more closely laterally coherent, 
tending to form sheeted ribbons and solid sheets, 
with fewer fenestrations and irregularities (fig. 19). 
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Ficure 17.—Culture from strain J, 345 days after removal from the carcinogen and 9 days after planting. 
Note the progressive alteration from strain H (fig. 15). The clump of cells at the upper left illustrates 
the tendency of the cells at this stage to send off lateral processes, with the result that the cell axis 


At this stage they often resembled epithelial cells. 
The cell processes were even shorter than in the 
preceding stage, and the design of all free edges 
of the cell was frequently or usually suggestive of 
amoeboid rippling. Cell size, granulation, and 
nuclei did not seem greatly altered. 

Strain N.—This strain was progressively altered 
from the preceding strains, and there was an even 
closer cohesion of the cells. Many cultures showed 
ribboning or combination of ribboning and sheet 
formation as the chief form of growth. There 
was a much greater tendency to sheet formation, 
and the sheets appeared thicker and denser (fig. 
20). The edge was more regular than in strains 
J and L, and there was a tendency to form epithe- 
liallike projecting lobes along the edges of the 
cultures. Cell processes were even shorter than 
in the preceding strain, but the amoeboid or 
frothy structure of the whole free edge of the cell 
was more accentuated, often so much so that the 
exact edge of the cell could not be clearly defined. 
There was a recognizable increase in the cytoplas- 
mic granulation. Mitoses were fewer in number, 
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Ficure 18. 


Another culture from strain J, 345 days after removal from the carcinogen and 13 days 


after planting. This culture shows the tendency of the cells at this stage to send off lateral processes, 


with resultant obscuring of the cell axis. The 
softer film. Approximately < 206. 
and cells in mitosis were less rounded up and less 
separated from those around them. 

Strain O. 


strain O was even narrower than in strain N, and 


The growing fringe of the culture in 
the cells were more altered. Individual ribbons 
of cells or ribbons closely united into sheetlike 
structures were seen. The culture was often a 
mass of cells so closely united that it appeared 
almost as a syncytium (fig. 21), which terminated 
in an amoeboid-appearing edge which in some 
instances was lobose and epitheliallike, and in 
others broken only by very short amoeboid- 
appearing processes. (In stained preparations 
there was no evidence of a true syncytium.) 
Mitoses were often most difficult to recognize, as 
the cells showed little or no rounding up or separa- 
tion from the surrounding cells of the sheet. Only 
in areas of less cell density could they be recog- 
nized. A careful examination of such areas re- 
vealed almost no cells in mitosis. In areas where 
the individual cells could be observed, nuclei were 
grossly normal. One, two, and three nucleoli 
were visible in each nucleus, and they appeared 


» photographic contrast is less as this was taken on a 


grossly normal. Nuclei were otherwise free from 
gross granulation. The cytoplasm was extremely 
granular, the granules being irregular in shape 
and size and easily visible with a 16-mm. lens. 
They often gave the cytoplasm a peculiarly moth- 
eaten and characteristic appearance. These gran- 
ules were not to be confused with the occasional, 
small, nighly refractile oil droplets seen in the 
cells, or with the slightly increased granularity 
seen in the early stages. 


Examination of the cultures in December 
showed no recognizable progression of the 
later stages (L, N, O), but at that time 
there was thought to be possibly a slight 
progressive alteration of cultures in the 
stages. For instance, 


earlier numerous 


strain D cultures showed structure typical 


of strain H and in one instance of strain J, 
while strain H culture often showed struc- 
ture typical of strain J. 
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Ficure 19.—Edge of culture from strain L, 266 days after removal from the carcinogen and 9 days after 
planting. Note progressive alteration from strain J, with formation of sheets and further shortening 
of cell processes. >< 200. 


Examination of the series May 15, 1943, 
showed the following results for the glass 
interface layers: 


Strain D cultures were characterized by figure 
15, a photograph of cells of strain D taken De- 
cember 17, 1942. A few cultures were character- 
ized by figure 16 (strain H). 

Strain H cultures were characterized by figure 
16, and a few by figure 15 (strain D control). 
None were observed showing the structure of 
figure 17 (strain J). 

Strain J cultures showed a cell structure like 
those in figures 17 and 18 (strain J), and a few 
cultures were like figure 16 (strain H), while some 
showed coherent sheets of cells although the cell 
sheets were not so closely coherent as in figure 19 
(strain L). 

Most cultures of strain L presented a structure 
like that in figure 19 (strain L), and some like 
those in figures 17 and 18 (strain J). No cultures 
observed resembled figure 18 (strain N). 

The degree of cohesion in strain N was definitely 
greater than in strain L. The cells were coherent, 

548963—43——_5 


as in figure 20 (strain N), and often showed the 
same type of terminal edge. Cells were definitely 
more granular than the cells of strain L. 

Strain O cultures were plainly more altered on 
an average than those of strain N. Culture edges 
similar to those in figures 20 and 21 were observed; 
the cells showed greater granulation than in 
strain N. 

In all these cultures the fluid interface 
cells were looser and showed less coherence 
than did those at the glass interface. In 
strain N, two cultures were seen in which 
the retraction of the terminal and lateral 
cell processes had gone so far that the fluid 
layer cells had often lost all connection 
with each other and were separated and 
rounded up. 


DISCUSSION 


The cultures described by Earle and 
Voegtlin (7) were transferred at various 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Note the extreme lateral frothing and rippling of the cell edges and the close cohesion of the cells 


into a sheet with definitely lobar edges. 


intervals up to about 18 days. It was 
later felt that the frequency of transfer 
had interfered with the life of the cultures, 
and in the later series (2) length of the 
transfer interval was increased to as much 
as 112 days instances. This 
increase allowed the cultures to survive; 
but later work with these series and with 
other tumor strains indicated that the 
interval had been extended too long for 
the best life of the carcinogen-treated 
cells, while detail of the culture was ob- 
scured by the clouding of the fibrin clot. 
Accordingly, in the present studies the 
interval between transfers was reduced 
to 28 to 36 days. This period gave much 
better results than did either of the other 
two. About 30 days is probably the 
optimal common period for the strains 
of cells studied. Under the conditions 


in some 


X 200. 


used, even this period must be con- 
sidered a compromise, since the normal 
fibroblast culture would probably give 
better results with transfer intervals of 36 
days; while, because of central necrosis, 
carcinogen-treated cultures of very co- 
herent architecture probably give better 
results with somewhat 


transfers. 


more frequent 


In considering the results, the most out- 
standing question i: that concerned with 
the behavior of the control cultures. In 
the earlier work (7, 2), great care was taken 
in the handling of the dibenzanthracene 
and methyJcholanthrene used. In spite of 
the precautions taken, just at the Jast of 
the experiments the control cultures 
showed a slight, though unquestionable, 
alteration in architecture. This altera- 
tion was similar to that observed in cultures 
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Ficure 21.—Edge of culture from strain O, 92 days after removal from the carcinogen and 9 days after 


planting. Note the formation of a dense sheetlike edge often entirely devoid of cell processes for 
extensive lengths. > 200. 


deliberately treated with methylcholan- 
threne, and the conclusion was reached 
that in spite of the care taken some trace of 
contamination of the controls with methyl- 
cholanthrene had occurred. In planning 
the present experiments an attempt was 
made to eliminate any possibility of con- 
tamination of the cultures with the car- 
cinogen. The alteration of the control 
cultures must, therefore, be interpreted 
in the light of the care taken to avoid such 
contamination. 

The possibility that the cells of the orig- 
inal parent strain used in this work were 
not normal cells of the fibroblast type but 
were malignant cells is most improbable 
because of the extreme rarity of subcutane- 
ous tumors in this strain of mouse at the 
age at which it was used (100 days). It 
also seems improbable, since the appear- 


ance of the contro] cultures, certainly up 
to May 1942 (559 days after original plant- 
ing), was entirely normal for fibroblasts 
from the subcutaneous tissue of mice and 
rats; and, when development of tumors in 
mice injected with control cultures led to 
careful examination of the cultures in 
August, there was no difficulty in recog- 
nizing that many of these contro] cultures 
had undergone a definite though slight 
change in morphology since their Jast 
detailed examination. The remainder of 
the control cultures showed suggestive but 
less concJusive morphologic changes, which 
in al] instances became conclusive in those 
cultures that were carried on. 

This alteration of the cells was of much 
less extent but was of the same morphologic 
type as that induced earlier in the strains of 
cuJtures treated with methy)cholanthrene 
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and of the same type as the alterations we 
had formerly observed in tissues cultures of 
tumors arising in rats from the injection of 
methylcholanthrene.? It was also the 
same as that which Jacoby (9) had de- 
scribed for cells of tumors induced in vivo 
by the action of 1, 2, 5, 6-dibenzanthra- 
cene, 

From these data it appears probable 
that the assumption of malignant proper- 
ties by the control cells was closely asso- 
ciated with the alteration in the morphology 
of the cells which occurred about June 
1942. 

In accepting these original parent strairt 
cultures as normal fibroblasts which 
underwent a morphologic and probably 
a malignant transformation about June 
1942, several possibilities must be con- 
sidered as to what induced this change. 
The possibility that the control cultures 
were contaminated with altered fibro- 
blasts from the experimental cultures is 
eliminated by the unvarying order in 
which the cultures were handled, and 
by the fact that when the alteration in 
the controls was first observed the dis- 
tribution of the altered cultures through 
the series was such that it could have 
been produced only by general con- 
tamination of all sets of the controls. 
This hazard seems entirely eliminated 
in view of the technical care employed. 
When the change in the controls was 
first observed, there was no sign of foci of 
greatly altered cells, distributed in rela- 
tively unaltered cultures. The appear- 
ance was rather that of a very slight, 
relatively uniform alteration of the cells, 
most easily recognizable at the glass inter- 
face of the culture. The possibility of 
contamination from any tumor ‘cultures 
may similarly be dismissed since during 
the whole course of this experiment up to 


2 Unpublished work. 


October 1942 no tumor cultures were 
being carried. 

The possibility must be considered 
whether apparently normal fibroblasts of 
this strain of mice, when grown in a 


culture medium of chicken plasma, 


horse serum, and chick-embryo extract, 
can spontaneously go over into the altered 
form finally seen in the control cultures 
and give rise to sarcomas on injection.’ 


3 Personal communication from Dr. G. O. Gey, out- 
lining some results previously presented but never pub- 
lished. 

Gey, using a culture technique and culture medium of 
which the details are not at present available, describes 
alterations in several strains of cells, all of which arose 
originally from mesenchyme, of subcutaneous areolar 
tissue origin, from a young adult rat of pure strain 
Philadelphia albino stock. This stock of rat, according 
to Gey, rarely develops spontaneous tumors. 

Three cell strains described showed spontaneous cell 
alterations; and when cultures of these altered cells were 
injected, they gave rise to tumors. In the first instance 
the alteration in the cells was first detected 4 months 
after primary explantation and “‘consisted of a change to 
cells varying greatly in size and with a great number of 
cells showing a typical and unequal mitosis. Inoculation 
of these greatly altered cells produced a variety of tumors 
different in cytological and cultural characteristics from 
their cells of origin and from each other. Transplanta- 
tion from tissue culture to host and back again to tissue 
culture showed that each of the transplantable tumors 
was of a fixed type. Prolonged cultivation for long 
periods and further animal transfer revealed that they 
stayed fixed in type.” 

The t'ird conversion occurred in a strain oy cells related 
to the other two in that it came from the same small pieces 
of normal tissue. This strain had been under cultivation 
for several years without showing any changes of fixed 
type. When the change occurred, it showed up as 
microscopic areas of transformed cells within the thinly 
spread out periphery of only a few of the cultures. The 
transformation then spread through all the cells of the 
cultures during a period of several transfers and sub- 
cultures. There was thus produced a strain of malignant 
cells which on inoculation produced tumors of similar 
cell type. Other normal-appearing cultures of the same 
strain did not show any changes nor did they produce 
tumors on inoculation. 

Gey also records that other normal cell strains of rat 
mesenchyme derived from another rat of the same stock 
were maintained for over 4 years without showing any 
change in type, and that to date he has not been able to 
reproduce these cell conversions by any deliberate experi- 
mental alteration of the cell culture environment. He 
States: 

“The period of cultivation, whether months or years, is 
apparently unimportant. We have so far been unable 
to isolate any virus from these new malignant cell strains, 
Cell-free filtrates do not produce tumors on inoculations 
nor does the filtrate alter normal strains maintained in 
continuous culture. We were at one time inclined to 
believe that stray gamma radiation had some effect. 
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We know that the conditions in the tissue 
cultures used were different from those 
in vivo. The culture media and other 
culture conditions were such that the 
fibroblast continued to proliferate at a 
rate far greater than that in the adult 
animal. That this alone induced such a 
change in the cells seems unlikely in view 
of the extended work of Carrel and his 
associates (70, 77, 7), who carried fibro- 
blasts from the embryo chick heart in 
cultures, in which they showed a rapid 
rate of growth for more than 25 years, 
apparently without any change in mor- 
phology. If these cells had undergone 
any such drastic morphologic changes 
as that seen in strains J, L, N, or O, they 
could hardly have been overlooked. It 
is emphasized, however, that whereas the 
Carrel strain of fibroblasts was from the 
heart of an embryo chick and was carried 
in solutions obtained from chicken blood 
and chicken eggs, in the present series of 
studies the cells were from subcutaneous 
tissue of a mouse and were carried during 
their whole period of culture in an entirely 
heterologous culture fluid. Obviously, in 
a number of respects the two sets of culture 
conditions were dissimilar, and the be- 
havior of cells under the one might not 
hold for the other. 

With the limited data available, no con- 
clusion can be reached whether or not nor- 
mal mouse subcutaneous fibroblasts by 
simple culturing in the heterologous horse 
serum-chick embryo extract can be in- 


Our observations to date on continuous weak irradiation 
do not confirm such a conclusion. Other factors are being 
investigated which may have some bearing on these 
unusual normal to tumor cell conversions which oc- 
curred in our cultures.” 

While Gey described a malignant alteration in several 
strains of mesenchymal cells, all from one rat, no con- 
clusions are presented as to what induced such changes, 
nor do the data available indicate whether these trans- 
formations could have arisen from some trace contamina- 
tion of the cultures with a recognized carcinogen. Atten- 
tion is called to this work; but until more data are avail- 
able, no attempt will be made to correlate it in detail 
with the results reported in the present paper. 


duced to change over into sarcoma cells. 
This question is fundamental, and in 
answering it much important information 
concerning the mechanism of carcino- 
genesis may be obtained. Obviously, 
experiments designed to settle the issue 
should be carried out as soon as practi- 
cable. 

The second possibility is that in spite of 
the precautions taken, some active amount 
of methylcholanthrene got into the control 
cultures and effected the transformation. 
The change noted in the control cells was 
more limited in degree but was of the same 
type as that induced through the action of 
methylcholanthrene. This fact, however, 
cannot be considered as evidence that the 
tumors arose from the action of methylchol- 
anthrene, since Jacoby (9) noted a similar 
coherent architecture in cultures of malig- 
nant cells from a tumor induced in vivo 
by means of an entirely different carcino- 
gen, 1, 2, 5, 6-dibenzanthracene, and the 
presumption is that a similar change could 
be effected with other carcinogens. 

The evaluation of the possibility that the 


controls were contaminated is complicated 
by the fact that as yet no data are available 
on how little methylcholanthrene is neces- 
sary to change a strain of normal fibro- 
blasts in tissue culture into one with such 


altered morphology and physiology. Bry- 
an and Shimkin (72) have estimated that 
injection in vivo of about 2.4y of methyl- 
cholanthrene is necessary to produce a 
sarcoma in strain C3H mice, in only about 
1 percent of the injections, whereas 4.5y 
produces tumors in about 5 percent of the 
injections. But conditions in vivo are dif- 
ferent from those in vitro. It seems likely 
that a clump of fibroblasts in vitro is far 
more reactive or is under conditions far 
more apt to cause reaction with the car- 
cinogen than are fibroblasts within the 
Hollaender, Cole, and Brackett 
(73) showed a definite photosensitizing ac~ 


mouse. 
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tion of methylcholanthrene on yeast in the 
concentration of 10~*. This reaction oc- 
curred within a few hours after addition 
of the carcinogen to the cells. In the ab- 
sence of any data on the amount of methyl- 
cholanthrene necessary to alter a clump 
of mouse fibroblasts under the culture con- 
ditions in the present experiments, the pos- 
sibility exists that when allowed to act on 
the cells for such an extended interval as a 


year or more, a concentration comparable 
with or even lower than that which these 
authors found active for yeast may be ade- 
It is obvious that if such minute 
traces are active, the problem of treating 
strains of cells with the carcinogen for long 


quate. 


intervals and of keeping other control 
strains entirely normal becomes most diffi- 
cult. 

While careful reconsideration of the tech- 
nique used has given no definite reason to 
suspect any step in the handling of the cul- 
tures, the solutions, or the soiled glassware, 
less positive assurance is felt with reference 
to the re-use of rubber stoppers which 
were possibly contaminated with traces of 
methylcholanthrene. 
from 


Although stoppers 
carcinogen-treated 
never used on 


cultures were 
cultures, the 
recleaning, sorting, wrapping, sterilizing, 
and other handling of these rubber stoppers 
may have introduced a trace-contamina- 
tion hazard. 

The laboratories in which this work was 
carried out are in the same building with 
other laboratories and animal rooms where 
large amounts of methylcholanthrene and 
similar carcinogens were handled. The 
design of the air conditioning and heating 
system of the building is such that there 
has been some trace recirculation of used 
air from many rooms, in some of which the 
carcinogen was certainly handled. Be- 
cause of insufficient knowledge of the 
activity of low concentrations of methyl- 
cholanthrene and other carcinogens in 


control 


tissue culture, the hazard of such trace 
contamination from this source also can- 
not be evaluated at present, although it is 
felt that its possible significance must not 
be overlooked. 

The evaluation of another possibility, 
that the changes were induced by some 
unrecognized agent of unknown source, 
must await further work. 

As the most probable explanation of the 
alterations in the control cultures and as a 
working basis for further study, the hypoth- 
esis is advanced that a trace contamina- 
tion of methylcholanthrene occurred in 
spite of all precautions taken. If this is 
the correct explanation, the amount of 
carcinogen needed to effect such a change 
in the cultures is probably extremely 
small. It is suggested that, until more 
data are available, the most scrupulous 
care should be taken in all laboratories 
doing work with long-term tissue cultures 
so that such trace contamination of the 
cultures with methylcholanthrene or simi- 
lar carcinogens does not lead to complica- 
tions difficult to eliminate, and to erro- 
neous conclusions. 

With reference to the other observa- 
tions reported in this paper, it seems clear 
that the changes in the control cultures 
arose at a substantially later date than 
the changes shown in cultures of even 
strains H and I, and more than 8 months 
after recognizable morphologic changes 
were observed in strains N and O. Fur- 
thermore, while of the same type, the 
changes in the controls have at all times 
been less accentuated than those seen 
even in strain H cultures. Regardless of 
whether the changes finally noted in the 
controls were spontaneous or arose from 
some contamination of the controls by the 
carcinogen, there seems no doubt that the 
cell changes observed in the experimental 
cultures are directly correlated with the 
action of the carcinogen that was delib- 
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erately added. This correlation is also 
shown by the orderly nature of the changes 
reported for different intentional expo- 
sures of the cultures to the carcinogen. 

The retardation of growth and the 
degeneration of rat and mouse fibroblasts 
under the action of methylcholanthrene in 
various concentrations from (roughly) 
0.2y to 100y have already been described 
by Earle and Voegtlin (7, 2). These 
papers should be consulted for earlier 
references to the literature. Lebenson 
and Magat (74) carried out a further 
extensive series of studies on this point. 
They cultivated the skin of mouse embryos 
in chicken plasma and mouse and chick- 
embryo extract, in hanging-drop cultures, 
later shifting the skin to Carrel flasks. To 
these cultures was added 1, 2, 5, 6-dibenz- 
anthracene, which was dissolved by 
letting the fluid plasma stand 2 days, with 
occasional shaking, in contact with an 
excess of the carcinogen. The cultures 
were left in contact with the carcinogen 
for intervals of 3 days and were then 
retransferred to normal medium and car- 
ried on. 


Some of the cultures were passed 
through dibenzanthracene once (from the 
fourth to the sixth day), whereas some 
received an additional exposure from the 


eighteenth to the twenty-first day. Cul- 
tures were apparently carried as long as 
54 days. 

During the first 3 weeks of growth no 
manifestation of the action of the carcino- 
gen was noted. Most of the cells of the 
cultures were fibroblasts with a little 
epithelium. About the fourth week, cul- 
ture growth improved considerably, and 
there was an intense liquefaction of the 
plasma in most of the cultures. Explan- 
tation of fragments of muscle onto the cul- 
tures gave rapid invasion of the muscle by 
the culture cells, destruction of the muscle, 
and a great acceleration of culture growth, 


the growth zone reaching 20 to 40 mm.? 
in 3 days. There was also noted a greatly: 
increased ability of very small clumps of 
cells to live and to grow rapidly. 

Cultures were inoculated into mice 
from the twenty-second or the thirty- 
eighth to the fiftieth day after addition of 
the carcinogen. No mice showed tumors. 

Lebenson and Magat concluded that 
while there was no clear demonstration 
of production of malignancy in their exper- 
iments, it was evident that the treated cells 
had acquired certain new properties under 
the influence of the carcinogen, and that 
the properties had appeared after a con- 
siderable latent period following treatment 
with the carcinogen. Furthermore, they 
considered that the induced changes were 
in a direction corresponding to an ap- 
proach to the blastoma cell. 

Larinov, Chertkova, and Samokhvalova 
(75), in an extensive series of studies, grew 
fibroblasts from the skeletal (femoral) mus- 
cles of new-born-mice, in Carrel flasks, in 
a medium of chicken and rabbit plasma 
and dilute chick-embryo extract.” To 
this medium benzpyrene or dibenzanthra- 
cene was added in the form of a fine sus- 
pension. Benzpyrene in a concentration 
of 10y to 50y per cubic centimeter gave a 
considerable inhibition of the growth of the 
fibroblasts, while dibenzanthracene dis- 
played no such toxic action. For longer 
term tissue cultures, this carcinogen was 
used in a concentration of several gamma 
per cubic centimeter of culture fluid. 

Cultures were carried up to 6% months. 
There was nothing particularly distinc- 
tive in those exposed to the dibenzanthra- 
cene 17 days. When they were carried on 
without further addition of carcinogen, 
some of them began to grow far more 
rapidly at 40 days. Benzpyrene had no 
toxic action on them. In the following 3% 
months the rapid growth continued, and 
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during this time many cultures were im- 
planted in young mice. Of 55 mice inocu- 
lated, none developed a tumor. 

In these treated cultures, frequently at 
the periphery of the culture zone, a culture 
would arise from a very small, isolated, 
clump of daughter cells. These daughter 
clumps grew very rapidly, and their cells 
showed a greater mobility, sometimes a 
larger size, and disordered cell 
arrangement. In all cases the cells of 
these daughter cultures showed much 
more fat than did the parent cultures. 

From our own experience with small cell 
clumps in culture, it is difficult to evaluate 
the significance of some of these findings of 
Larinov, Chertkova, and Samokhvalova. 
The increased storage of fat droplets within 
the cells is often seen in small clumps of 


more 


normal fibroblasts (76), and in the present 


cells of these 
clumps are often markedly less orderly in 
arrangement thanare those in large clumps. 


author’s experience the 


The acceleration of growth of small clumps 
of cells treated with carcinogen agrees with 
the observations of Lebenson and Magat; 
and in the series of studies reported herein, 
the same phenomenon was frequently 
observed, at a stage of carcinogen treat- 
ment after definite cohesion of the cells 
had appeared. For instance, the cell 
clump shown in figure 12 continued to 
proliferate rapidly, while substantially 
larger clumps of control cells died. 

The observations of Lebenson and Magat 
(74) and of Larinov, Chertkova, and Samo- 
khvalova (75) and the observations re- 
ported in the present paper are in entire 
agreement that the cell transformations 
appeared after a definite latent interval of 
several weeks following initial exposure to 
the carcinogen. 

Benevolenskaya (77) used cultures of 
embryonic chick heart and mesenchyme 
grown in hanging-drop cultures and in 
Carre) D3.5 flasks in a mixture of chicken 


plasma and chick-embryo extract, to 
which methyJcholanthrene or 3, 4-benz- 
pyrene was added, usually as a suspension. 
Concentrations of carcinogen ranged from 
507 to 1y per cubic centimeter of culture 
medium, and cultures were carried in the 
carcinogen to 88 days. Frequently the 
cultures were transferred to normal culture 
media and carried for a time after this 
exposure to carcinogen. 

Both carcinogens were toxic and induced 
stoppage of growth after 3 to 7 days in a 
concentration of 50y per cubic centimeter. 
When treated cells were transplanted into 
a normal medium after such treatment, 
degeneration and death still ensued. As 
lower concentrations were tried the toxic 
action was less marked, until at 2y per 
cubic centimeter the cultures were kept 
living in methylcholanthrene for 85 days, 
after which they were carried in normal 
media 65 days. 
proved slowly toxic. 


Such concentrations 

No changes in the 
cells were observed to suggest that they 
had undergone a malignant alteration; the 
changes were those of toxicity and degen- 
eration. 

Eight fowls were each injected with from 
6 to 12 cultures that had been carried ina 
concentration of 2y of methylcholanthrene 
per cubic centimeter from 37 to 62 days, 
and then carried without carcinogen 11 to 
42 days, while 6 were each injected with 8 
to 9 cultures that had been subjected to a 
concentration of 1y of methylcholanthrene 
per cubic centimeter from 22 to 30 days 
and then carried 17 to 18 days in normal 
media. Nine chickens were injected with 
cultures that had been subjected to 2y or 
3 of benzpyrene per cubic centimeter from 
12 to 19 days, then carried from 6 to 37 
days in normal culture medium, and in- 
jected. All 
negative. 

Cooper and Reller (78) treated the ears 
of mice twice weekly with a 0.6-percent 


injections were uniformly 
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solution of methylcholanthrene in benzene. 
They found an increase in the frequency of 
mitosi: of the epithelial cells from a normal 
average of 0.11 percent to 1.0 percent at 
23 to 37 days after first treatment. This 
count subsided to 0.49 at 65 days and rose 
to 1.5 percent at 93 days, at which time 
the experiment was terminated. From 16 
days on the ears became definitely hyper- 
plastic and showed a fairly uniform thick- 
ening of the entire epidermis, and from the 
sixty-fifth day the ears of some of the mice 
began to hyper- 
plasia.” were 
observed within the duration of the experi- 
ment. 

Creech (79), working with fibroblasts 
from connective tissue surrounding the rib 


show ‘“‘precancerous 


No definite carcinomas 


of embryonic mice of pure strain, grew 
the cells for short periods as cover-glass 
preparations in a medium of fowl plasma 
and chick-embryo extract containing 20- 
methylcholanthrene-choleic acid or ace- 
naphthene-choleic acid in concentrations 
of 100, 107, and 1y per cubic centimeter. 
1,2,5,6-Dibenzanthracene-choleic acid and 
phenanthrene-choleic acid were used in 
concentrations of 1007 and 10y per cubic 
centimeter. The outgrowth of the cultures 
was measured at 45 and 70 hours, and 
relative areas of outgrowth were 
determined by camera lucida drawings 
and planimetric measurements. The cul- 
tures were finally fixed and stained and 
the cells studied. Nearly 1,700 cultures 


were studied. Methylcholanthrene-cho- 


leic acid in a concentration of 1y per cubic 


centimeter (equivalent to 0.15y of methyl- 
cholanthrene per cubic centimeter) and 
dibenzanthracene-choleic acid in a con- 
centration of 107 per cubic centimeter 
(equivalent to 1.5y of dibenzanthracene 
per cubic centimeter) caused a significant 
increase in cell proliferation as indicated 
by measurements of outgrowth and by 
counts of mitoses, while the same carcino- 


548963—43 6 


gens in a tenfold or greater concentration 
caused a retardation. Desoxycholic acid 
(10 per cubic centimeter), phenanthrene- 
choleic acid (10y and 100y per cubic centi- 
meter), and acenaphthene-choleic acid 
(ly, 107, and 1007 per cubic centimeter) 
all caused a decrease in cell proliferation. 
With the methylcholanthrene and dibenz- 
anthracene, a premature separation of 
the chromosomes in the prophase and 
metaphase was observed. This did not 
occur with the other substances tried. 

The observation of Creech that methy]l- 
cholanthrene-choleic acid retarded cell 
growth in a concentration equivalent to 
1.5y of the carcinogen per cubic centi- 
meter accords closely with the data of 
Earle and Voegtlin for methylcholan- 
threne. The observation that a concen- 
tration equal to 0.15y causes a significant 
increase in the rate of cell cleavage em- 
phasizes further the necessity of investi- 
gating, over longer intervals, lower con- 
centrations of the carcinogen than any 
yet used. 

In the present work a concentration of 
ly of methylcholanthrene per cubic centi- 
meter of fluid culture medium was used. 
With this concentration, after the first 
addition of the carcinogen to the cultures 
there was a sharp depression of the rate 
of increase in width of the cultures in every 
strain examined. The continuous width 
curves of the different strains showed that 
a great part of the depression of the curve 
was manifest by the end of the first 20 to 
35 days after addition of the carcinogen. 
In strain N, which was continued in the 
carcinogen for as long as 184 days, the 
further depression of the continuous width 
curve was slight, while even in strain O 
there was no further depression recogniza- 
ble until after 350 days in carcinogen, at 
which time there was a further sharp 
depression of the curve. This brought 
the rate of increase of width of the cul- 
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tures to such low levels that further 
maintenance of the strain was most diffi- 
cult. The strain would almost certainly 
have been lost during the next several 
generations if it had not been removed 
from the carcinogen. 

Examination of the cells just after the 
onset of the initial sharp depression follow- 
ing the first addition of carcinogen showed 
no evidence of an increase in cohesiveness, 
nor was there any increase in cell density 
of the cultures. If there was any change in 
density, the cultures seemed somewhat less 
densely cellular than normally. Mor- 
phologic evidence of injury to the cells of 
young cultures, if it existed at all, was 
extremely slight. Certainly, there was no 
sign of widespread degeneration or disinte- 
gration of the cells. The depression of the 
curves, then, was not caused by any of 
these factors. While no determination has 
as yet been made of the actual rate of 


mitosis in the cultures, the data indicate a 


definite retardation in the frequency of 
mitosis in the cells. 


This would agree 


with Creech’s data (79). Whether this 
retardation continued after cohesion of 
the cells set in, and up to 325 days after 
the first addition of carcinogen, was not 
determined and cannot be inferred from 
the data to date since the retarded rate of 
increase of the diameter of the culture 
was at least partially offset by an increase 
in cell density. 

The data suggest, however, that such a 
retardation of mitosis did occur in cultures 
subjected to the carcinogen about 400 days 
(strain O) since the rate of increase of 
width of these cultures was greatly re- 
tarded, and few cells were observed in 
mitosis in the living cultures. The study 
of the action of the carcinogen on the rate 
of mitosis of the fibroblast for various inteér- 
vals in long-term cultures under the condi- 
tions used must be left for future work. 
The conclusion is reached that, under the 
conditions of culture and of concentration 
of carcinogen used, the changes observed 
in the cells in the early stages (D, H, J, L) 
of action of the carcinogen are not recog- 
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Ficure 22.—Continued average level of the continuous width curves after removal of culture from 


carcinogen and through May 1943. 


The number of days the cultures were in the carcinogen is 


shown along the abscissa, the average culture width along the ordinate. 
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nizably such as to lead to the death of the 
celi. However, the cumulative, progressive 
action of the carcinogen for longer intervals 
and in the concentration used is not only 
clearly injurious but is almost certainly 
lethal. 

In order to demonstrate more clearly 
the continued depression of the continuous 
width curves after removal of the different 
strains from carcinogen, the average level 
of the respective curves after removal of 
the strains from methylcholanthrene and 
through May 1943 is plotted against the 
interval of time each strain was subjected 
to the carcinogen (fig. 22). As a normal 
control point on these curves, the average 
of points on the continuous width curves, 
of the control cultures of strains D, H, I, 
J, K, L, N, and O through September 11, 
1942, have been used. Values later than 
that have been discarded because of the 
depression in the curve after that date and 
the possibility that this depression resulted 
from trace contamination with the car- 
cinogen. 

The general trend of the curve is regular 
with the exceptions of point J (which is 
low) and point L (which is high). The 
longer the cells were left in the carcinogen, 
the less was their continued rate of increase 
of culture width after removal therefrom. 
The general morphologic appearance of 
the cells of strain J shows that they were 
more altered than those of strain H, but 
less altered than those of strain L, while 
the cells of strain L were less altered than 
those of strain N. This intermediate 
morphology confirms the correctness of the 
lateral position of points J and L along the 
curve. Other data (3) also indicate that 
this dip in the curve at point J and the 
rise at point L are real, although no expla- 
nation can be offered for this irregularity at 
the present time. 

Leaving out of consideration the depres- 
sion at point J and the rise at point L, 


the conclusion is obvious that, as far as is 
indicated by the continuous width curves, 
the degree of change induced in the cells 
with methylcholanthrene under the ex- 
perimental conditions was a direct func- 
tion of the duration of exposure (dose) to 
the carcinogen, and that even after the 
cell was removed therefrom, the induced 
changes persisted. In the instance of 
the cells of strains H, J, L, and N, this 
alteration has now persisted more than 1 
year since their removal from carcinogen. 

The question comes up whether or not 
there has been any rise at all in the 
continuous width curves since the cells 
were removed from carcinogen. The 
curve for strain H fluctuated over a 
wide range and showed no clearly defined 
rise. The curves of all the other strains 
maintained their low level for some time 
after removal] from the carcinogen. This 
time included, for instance, 3 generations 
in strain O and 12 generations in strain J. 
From these times on, the curves Jost their 
level, which had as a rule characterized 
them during the interval of carcinogen 
treatment and directly thereafter, and 
began to show erratic variations, and in 
some strains of cells, a rise. The signifi- 
cance of these variations is not yet clear, 
and the interpretation will be left to a 
later date. 

From the various data presented, it 
seems evident that the cel] changes previ- 
ously described by Earle and Voegtlin 
have been confirmed, while the accumu- 
lation of additional data makes possible a 
clearer description of the sequence of the 
cell changes and of the later stages of the 
cells. As shown herein, in those strains 
left in the carcinogen for an extended 
period, at about 25 to 50 days after first 
addition of the carcinogen, there was a 
progressive shortening of the slender 
terminal processes of the cell, and an 
increased amoeboid appearance of the 








lateral) edges of these processes, an in- 
crease that extended farther and farther 
along the surface of the cell toward a zone 
midway of its length. Meanwhile the cells 
became more coherent, particularly later- 
ally, and tended to form loose sheets and 
ribbons, then sheets, and finally massive, 
thick sheets, particularly prominent at the 
glass interface of the culture. The individ- 
ual cells showed a progressively less clearly 
defined major axis, and there was a definite 
tendency (at about stage J, as shown in fig- 
ures 17 and 18 (to send off amoeboid-ap- 
pearing lateral processes. In later stages 
the cells were so closely coherent that the 
extremely short, amoeboid-appearing procé 
esses at the edge of the massive cel) sheet 
were the only ones observed. In one or two 
instances in strain O, it seemed that the 
process of cell rounding had gone so far 
that the massive cell sheet or the heavy 
ribbons of cells had apparently disinte- 
grated into living, isolated, rounded cells. 
Unfortunately, no photographs were made 
of this phenomenon. It is interesting to 
speculate whether such rounding and cell 
separation might increase the tendency 
of a tumor to metastasize in vivo. 

This progression of changes, as described 
previously (2), was gradual and appeared 
to affect the whole culture rather than an 
isolated cell or a small clump of cells. 
There was no suggestion whatsoever of a 
sudden drastic change. The gradual 
change may be seen from a comparison 
Further- 
more, the changes, particularly those of 


of figures 15 to 21, inclusive. 
cell cohesiveness and rippling of the 
surface, and changes in cell processes, 
seemed to be such as would arise from 
changes in the cell cytoplasm and more 
particularly in the cell surface. 

The cells of strains H, J, L, and N, over 
1 year after their removal from the ly 
concentration of methylcholanthrene, seem 
to have lost none of the typical cohesion 
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and other morphologic changes induced 
with the carcinogen. While strain O has 
been carried for a shorter time since 
removal from the carcinogen, it, too, has 
preserved its structure. At eight genera- 
tions after the removal from carcinogen, the 
cells of strain O were more altered than 
those of strain N, but the architecture of 
the cultures appeared possibly a trifle 
looser than it had directly after removal. 
This change was so slight, however, that 
at present it must be considered uncertain. 

The conclusion is reached that over the 
extended period these cultures have been 
studied, once these morphologic changes 
have been induced in the cells by the action 
of the carcinogen, the cells to a very great 
degree seem to stabilize at that level or 
degree of alteration induced in their mor- 
phology. 

While occasional instances of very large 
nuclei, or of very large cells, or of cells 
containing as many as eight very small 
nuclei were seen, usually these aberrations 
occurred in cultures more than 10 days 
old and were far more prevalent in those 
at about 25 to 30 days after planting. The 
impression was obtained from the living 
cultures that in the greater number of 
instances such aberrations occurred under 
culture conditions of cell overcrowding and 
degeneration. A more detailed study of 
nuclear changes will be made when the 
stained slides are studied. 

Some carcinogen certainly persisted in 
the cultures for some time following their 
removal from it. However, in the more 
than 1 year that strains H, J, L, and N 
have grown since they were removed from 
methylcholanthrene at the concentration 
of 1.0y per cubic centimeter, each has 
undergone more than 160 washings, more 
than 160 additions of fresh fluid, and 14 or 
more consecutive replantings. In each of 
the replantings it may be conservatively 
estimated that not in excess of one-fifth 
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of the original plasma (and cell) mass was 
transferred to the new culture. If any of 
the original carcinogen used on the culture 
still remains, it must be an extremely slight 
trace. 

From the changes undergone by the con- 
trol cultures, the presence of carcinogen in 
active though trace concentrations must 
be assumed as probable in the experimen- 
tal cultures as well as the controls sometime 
in June 1942. 

While a trace concentration of carcino- 
gen might conceivably have had an effect 
on a normal cell, or on one which had had 
only a very low concentration of carcinogen 
for an extremely short interval, it appears 
most unlikely that such a trace contamina- 
tion, if it occurred at all, has substantially 
altered the course of experimental cultures 
of strains H, J, L, N, and O. In spite of 
this, these strains and the altered controls 
have to a most remarkable degree sta- 
bilized at levels of alteration of the cells 
which are proportional to the time of their 
exposure to carcinogen. Minor changes 
which have occurred in the last few months 
or which may occur in the future find their 
most probable explanation in cell selection 
and in the overgrowth of more rapidly 
growing cell types within the cultures. 

Bryan and Shimkin (72) injected methy]l- 
cholanthrene in tricaprylin into the axillae 
of male mice of strain C3H and deter- 
mined the final tumor incidence, as well 
as the time-frequency relationship, for 
various doses of the hydrocarbon. Table 
1 is derived from the equations to their 
estimated relationships. The recognition 
of a tumor was determined when the cell 
mass reached the size of a palpable nodule 
which continued to increase in size. 

Obviously these latent periods must each 
be considered as consisting of an initial 
transformative latent period during which 
the cells were changed from normal to 
malignant, and of a latent period of 


TaBLe 1.—Estimated dose-response relationships fo 
20-methylcholanthrene ‘ 





Estimated latent periods 
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Mice with tu- 
mors (percent) — Extreme | Extreme 
lower upper Average 
limit ! limit 2 
Gamma Days Days Days 
i... ; 182 39 163 91 
95 J . 96 40 205 110 
ae ‘ 21 43 306 154 
5 4.5 46 407 197 
ie ‘ 2.4 48 449 217 





Derived from the data of Bryan and Shimkin (12), 


1 Time at which not more than 1 percent of the mice in the 
tumor population would be expected to have developed 
tumors. 

2 Time at which 99 percent of the mice in the tumor popu- 
lation would be expected to have developed tumors. 


growth, an interval necessary for the cell 
mass to attain a palpable size. The data 
in another paper (3) show that the time 
required for subinoculated tumors, which 
were originally induced by the inoculation 
of cells treated with methylchoianthrene 
in vitro, to reach a palpable size is roughly 
7 days. If this interval is accepted as 
being a rough index of the latent period 
of growth of such tumors and is subtracted 
from the latent periods given by Bryan 
and Shimkin, the time remaining may be 
considered a rough guide to the duration 
of the latent period of transformation. 
The comparison of these results with 
those obtained from the treatment of 
cells in vitro with methylcholanthrene is 
obviously complicated by differences in 
concentration of the carcinogen and by 
the solvent used. In the results of Bryan 
and Shimkin (72), the minimal latent 
period for all doses of carcinogen ranges 
from 39 to 48 days, which would indicate 
a minimal transformative latent period of 
from 32 to 41 days. This period coin- 
cides with the period necessary to effect 
general characteristic morphologic alter- 
ations of the cells treated in vitro. The 
correlation, however, is incomplete since 
with Bryan and Shimkin’s data the period 
from 32 to 41 days was the minimal, from 





156 to 442 days the maximal, and from 84 
to 210 days the average transformative 
latent period. The closer correlation of 
these results must await further work. 

Grady and Stewart (20), working with 
pulmonary tumors induced with methyl- 
cholanthrene and dibenzanthracene in 
strain A mice, showed by section of the 
lungs that definite tumors appear about 5 
weeks after injection. This latent interval 
for production of malignant tumors is in 
close correlation with the general period 
required to induce cell cohesion through 
the action of methylcholanthrene in vitro 
under the conditions of the present 
experiment. 

Furthermore, confirmation that cell co- 
hesiveness is intimately linked with the 
assumption of malignancy by the fibro- 
blast is shown by some unpublished studies 
made on tumors that arose’in vivo through 
injection of methylcholanthrene into rats. 
Several of these tumors were cultured for 
short intervals and showed definite cell 
cohesion. In a recent short study of a 
strain of tumor cells that originated from a 
subcutaneous injection of methylcholan- 
threne into a C3H mouse, cultures of the 
thirty-third passage of the tumors in mice 
showed a degree of cohesion roughly 
comparable with or slightly greater than 
that shown in strain D (control) cells (fig. 
15). 

Jacoby (9), using a pure strain of fibro- 
blastic derived from a 
spindle-cell sarcoma originally induced in 
mice with dibenzanthracene, described a 
similar cohesion of the cells. Jacoby’s 
description, a part of which is quoted(9, 
p. 301), agrees with description of cell 
cohesion by Earle and Voegtlin and the 
changes in vitro reported herein. 


sarcoma cells 


When grown in Carrel flasks in a hen plasma 
coagulum and fed with either Heparin hen plasma 
or a hen serum-chick embryo juice-Tyrode mix- 
ture, in which the embryo juice concentration is 
kept low, the cells regularly show a tendency to 
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grow out in close association with one another, and 
to form ribbon-like strands or even broad sheets 
which resemble very much the epithelial type of 


growth in vitro. These ribbons frequently arborize 


and their branches often join up with one another, 
forming loops and bridges enclosing the coagulum, 
as shown in the accompanying illustration. The 
sheet-like growth is found especially at the inter- 
face coagulum-glass, whereas the cell ribbons 


occur also within the clot. This architecture 


seems to be very characteristic, and has been main- 
tained through frequent passages. It permits the 
diagnosis of such a sarcomatous colony with the 
naked eye, being vastly different from the archi- 
tecture of normal fibroblast colonies; aided by the 
more highly refractive cytoplasm of the tumour 
cells it brings the whole colony much more into 
relief against the background of the coagulum so 
that, even for the naked eye or under low power, 
the entire edge of the colony is sharply outlined 
and clearly defined. 


The culture architecture shown in 
Jacoby’s illustration is typically similar to 
some shown by Earle and Voegtlin (2) and 
comparable with a type of ribbon growth 
seen at about stage J or L of the present 
paper. It should be noted that at the time 
Jacoby’s article was written, he had not 
seen the second one (2) by Earle and 
Voegtlin in which this cell cohesion was 
described. 

These data all confirm the concept that 
the change in culture architecture is closely 
associated with the assumption of malig- 
nancy by the cells. This concept is further 
strengthened by the demonstration (3) 
that fibroblasts that have undergone a 
scarcely recognizable cohesion are capable 
of inducing typical sarcomas in a small 
percentage of injections into mice. The 
point cannot yet be considered as conclu- 
sively demonstrated, however, because, 
owing to the transformation of the controls, 
no study has as yet been possible to deter- 
mine whether or not fibroblasts possessing 
the normal loose radial growth pattern can 
be made to produce sarcomas on injection. 

Earle and Voegtlin (2) stated that the 
cohesiveness of cells under the action of 
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methylcholanthrene regularly occurred at 
both glass and fluid interfaces of the cul- 
ture. Later data from all carcinogen- 
treated strains necessitated modification of 
this statement. Jacoby’s recognition (9) 
that the cohesion was especially prominent 
on the glass interface of the culture is 
entirely in accord with later observations. 

No definite relationship has been worked 
out for the relative growth of the cells at 
the glass and fluid interfaces, although the 
impression has been that in the carcinogen- 
treated culture up to about 12 days of age, 
the ce]ls were particularly promMent at the 
glass interface, and often there was no 
fluid interface cell layer. The cells of the 
glass interface showed conclusively the 
increase in the cohesiveness of the cells from 
the action of the carcinogen. In some cul- 
tures, about 10 days old, the prominent 
layer of cells was at the fluid interface. 
When this occurred the cohesion was 
almost without exception less marked and 
particularly in cultures subjected to carci- 
nogen for shorter intervals was sometimes 
unrecognizable. In cultures of an older 
age group the layer of cells at the glass 
interface of carcinogen-treated cultures was 
often overgrown or had become entirely 
necrotic; and in these cultures, too, the 
cells at the fluid interface were often not 
clearly cohesive, nor did they show so 
plainly such extreme shortening of the 
terminal cell processes in the early stages of 
carcinogenic alteration. They did show 
the granulation observed in the later stages. 
Because of these differences in the cells at 
the two interfaces, care must be taken to 
determine correctly the positions of the 
cells within the depth of the culture before 
reaching any conclusion as to the degree of 
carcinogen-induced morphologic alteration 
they have undergone. 

The difference in the structure of glass 
and fluid layers is shown in figure 13, A 
and B, from the glass and fluid interfaces, 


respectively, of companion cultures of 
strain O at 403 days after addition of 
carcinogen and 11 days after planting. 
While these photomicrographs are entirely 
typical and illustrate the point, they are 
unfortunately not nearly so remarkable in 
contrast with each other as the two layers 
have often appeared, sometimes in the 
same culture in directly overlying regions. 
The question arises why this increase in 
cohesiveness of the cells has not been com- 
mented on by other workers who have 
grown in vitro carcinogen-induced sar- 
comas which presumably arose from fibro- 
blasts. The possibility is that this cohesive- 
ness is prominent or occurs only in tumors 
that have arisen from certain strains of 
fibroblasts or from tumors that have arisen 
from a very limited group of carcinogens, 
or in a very limited group of culture 
media. The fact, however, that the cohe- 
siveness is so much more prominent at 
the glass interface suggests another ex- 
planation which seems more likely. In 
tissue-culture preparations of the type used 
(in Carrel flasks) the thickness of the 
fibrin clot is substantially greater than the 
thickness of the clot in either “‘roller tube” 
cultures (27) or in many, if not all, 
hanging- or lying-drop slide preparations. 
This would give a greater separation of 
glass and fluid interface cell layers. Since 
the glass interface layer is the one closer 
to the microscope objective, in the flask 
culture it naturally assumes a prominence, 
definition, and isolation which are prob- 
ably not so accentuated in other types of 
cultures. With many slide cultures the 
extremely short interval during which the 
cells may be carried undisturbed, usually 
just a few days, would itself interfere 
greatly with the appearance of this cohe- 
sion architecture as it is most easily recog- 
nized at about 8 to 10 days of culture. 
A further question is why this change in 
cell cohesiveness should be more promi- 
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nent at the glass than at the fluid interface. 
While with the data available differences 
in such factors as oxygen tension or rela- 
tive nutrition at the two levels in the 
plasma clot cannot be ruled out, it seems 
more probable that the difference lies in 
the reaction of the surface of the cell to 
interfacial forces, which would be different 
at the plasma-fluid interface from those at 
the plasma-glass interface. 

Central necrosis in carcinogen-treated 
cultures appeared regularly at an earlier 
date than in the controls. It usually ap- 
peared first at the glass interface. This 
central necrosis seemed to result from the 
extremely compact architecture of thie 
culture with consequent crowding and 
interference with the metabolism of the 
deepest and most central cells. Young 
cultures, where the cells were not over- 
crowded, appeared to be free of necrosis. 

During the whole course of the experi- 
ment, there was no detectable increase in 
the rate of liquefaction of the clot, nor did 
any cell strain show an increase. A similar 
absence of unusual liquefaction has also 
been noted in other malignant cells grown 
in this chicken plasma-horse serum- chick 
embryo extract medium. 

In considering the nature of the cell 
changes observed, it is desired to call 
attention to certain points. These are: 
(1) The drastic morphologic changes in 
cells treated with carcinogen resulted in 
the production of cell types greatly altered 
from the original cell type used; (2) the 
morphologic changes were gradual; (3) 
they could be considered as changes that 
might arise from alteration in the cell 
surface; (4) these changes stabilized after 
the removal of the cells from carcinogen, 
and different cell strains treated for dif- 
ferent periods stabilized at different levels 
of morphologic alteration; (5) the mor- 
phologic changes were correlated with the 
action of a definite, highly purified, crys- 





talline chemical substance in extremely low 
concentration; and (6) the changes were 
induced in cells in an entirely heterologous 
culture medium quite removed from the 
systemic influence of the parent host. 

With our present lack of knowledge 
these considerations cannot lead to any 
definite conclusion. Even with the recog- 
nition of this fact, the suggestion is made 
that the cell changes observed may well 
be of the same category as those seen in 
the process of cell differentiation of the 
organism, and it is emphasized that these 
changes are considered by some workers 
to result from definite chemical organizers 
acting in extremely low concentrations. It 
is felt that this similarity is too close to be 
overlooked or to be dismissed without 
most careful consideration and that the 
data call for further evidence either to 
confirm the similarity or to reveal dis- 
similarities. 

SUMMARY 

A primary strain of fibroblasts from the 
subcutaneous and adipose tissue of a 100- 
day-old male mouse of the C3H strain, 
Andervont substrain, was started in vitro 
in horse serum-chick embryo extract-saline 
solution on October 18, 1940. Cultures 
were grown in Carrel D3.4 flasks, slightly 
modified. When the strain reached an 
age of 291 days in vitro, the first addition 
of purified 20-methylcholanthrene was 
made to selected groups of the cultures in 
a solution of such strength that the final 
concentration of carcinogen in the fluid 
culture medium was 1y per cubic centi- 
meter. 

Various selected groups of cultures were 
carried in the carcinogen for different 
intervals. Particular attention is directed 


to cell strains designated H, J, L, N, and 
O, which were subjected to the carcinogen 
for 6, 32, 111, 184, and 406 days, respec- 
tively, at the end of which time they were 
carried on without further addition of 
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carcinogen. To June 1, 1943, these strains 
had been carried 542, 542, 542, 663, and 
663 days, respectively, since first addition 
of carcinogen, and 536, 510, 431, 479, and 
257 days since their removal from it. 

The first noticeable effect of the carcino- 
gen was a definite decline in the rate of 
increase in width of the cultures. This 
initial reaction appeared after a very few 
days in the carcinogen and in its prelimi- 
nary stages at Jeast seemed to arise from a 
retardation of cell proliferation. This de- 
pression of the rate of increase of size of 
the cell clump continued even after the 
cells were removed from methylcholan- 
threne. It appeared that the depresssion 
of the rate of cell proliferation was also 
present at about 400 days in the carcino- 
gen, but whether the depression of the 
rate of increase in width of the cell clump 
arose from this factor alone was not de- 
termined. The conclusion is that the 
action of the carcinogen on the cells was 
progressive and gradual, and in the course 
of time aJmost certainly lethal. 

The earliest recognizable morphologic 
change in the cultures appeared about 40 
days after first exposure to the carcinogen. 
In general, the cells showed a gradual 
diminution in the length of the terminal 
cell processes. The lateral edges of the 
processes became increasingly amoeboid 
in appearance, and this change extended 
progressively from the tips of the cell pro- 
cesses toward the middle part of the cell 
as time in the carcinogen went on. The 
cells gradually tended to send out numer- 
ous short lateral processes at their free 
edges; meanwhile the cells became in- 
creasingly coherent, particularly Jater- 
ally, with the production of cell strands, 
cell ribbons, and finally of sheets which 
showed many characteristics of epithelial 
sheets in tissue culture. As time went on, 
the sheets became increasingly massive 
and the cell cytoplasm extremely granular. 


The changes induced in different cell 
strains with different intervals of exposure 
continued after the carcinogen was dis- 
continued. To date, four cell strains, sub- 
jected to the carcinogen in the concen- 
tration mentioned for 6, 32, 111, and 184 
days, respectively, have been carried for 
more than a year since the carcinogen was 
discontinued, without loss of their induced 
characteristics. One strain has not been 
carried so long without carcinogen, but it 
also shows no clearly defined diminution. 

Over 8 months after the first recogniz- 
able morphologic cell alterations in the 
earliest group of experimental cultures 
(strain N) and approximately 2 months 
after the last experimental strain (H) had 
shown recognizable cell alterations, the 
control cultures started to show definite 
alteration of the same type as but to a lesser 
degree than the experimental cultures. 
Of the various control strains examined, 
strain H control showed least alteration, 
the change in the architecture of the cul- 
tures of this strain being barely discern- 
ible morphologically. The possibilities 
whether this change arose from a sponta- 
neous tendency of the apparently normal 
fibroblast to undergo a malignant change 
under cultivation in vitro or whether the 
change was induced from trace contamina- 
tion of the control cultures with carcinogen, 
are discussed. The data available do not 
permit a definite conclusion, but the work- 
ing hypothesis is advanced that such trace 
contamination with carcinogen did occur, 
although the mechanism by which it 
occurred is unknown. In view of the 
precautions taken to guard against con- 
tamination, it is emphasized that the con- 
tamination, if it occurred, was probably 
extremely slight. Until further data are 
available to define more clearly the active 
concentration of carcinogen necessary to 
induce changes in cells in long-term tissue 
cultures, great care should be taken in the 











212 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


handling of such cultures with carcinogen 
to eliminate the possibility of complications 
that might arise from trace contamination. 

After all deliberate treatment of the cells 
with carcinogen had been discontinued, 
and after strains H, J, L, and N had been 
carried for more than a year after discon- 
tinuance of the carcinogen whereas the 
other strains had been carried for shorter 
periods, the characteristics of the control 
cultures and cultures subjected to carci- 


nogen for 6, 32,111,184, and 406 days were 
compared. The progression of morpho- 
logic changes with longer exposure to the 
carcinogen was similar to that described 
previously. 

The similarity of the latent period for the 
earliest in vivo production of tumors with 
methylcholanthrene and the time neces- 
sary for the production of recognizable 
morphologic alteration of the cells in vitro 
is pointed out. 
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In the preceding paper (7) Earle de- 
scribed the growth of cultures of a primary 
strain of fibroblasts, from the subcutaneous 
and fatty tissues of a young strain C3H 
male mouse, in a completely heterologous 
medium. Different groups of the cultures 
were treated with a concentration of 1.07 
of 20-methylcholanthrene per cubic centi- 
meter of culture fluid for different periods. 
As a result of these studies, a number of 
strains of cells were originated: Strain H, 
treated with carcinogen 6 days and re- 
1941; 
strain J, treated 32 days and removed Jan- 
uary 6, 1942; strain L treated 111 days and 
removed March 26, 1942; strain N, treated 
184 days and removed February 6, 1942; 
and strain O, treated 406 days and re- 
moved from carcinogen September 16, 
1942. 

The control groups of strains never re- 


moved therefrom December 11, 


ceived any known treatment with the 
carcinogen, but about June 1942, after 
cultivation in vitro approximately 20 
months, the control strains showed changes 
which suggested that a trace contamina- 
tion with the carcinogen had occurred. 
Strain H controls (designated strain HW) 
were so slightly altered morphologically that 
the change was barely recognizable; strains 
D, J, L, N, and O controls were altered 
morphologically to a recognizably greater 
degree than the strain H controls, but 
substantially less than the strain H experi- 
mental cultures. 


For the techniques used in handling 





these strains and the description of the 
Strains in vitro, reference is made to the 
preceding paper (7). The present paper 
summarizes the data obtained on reinject- 
ing cultures of these strains into young 
strain C3H mice, 2 to 6 months old. 


MATERIALS AND METHODS 


All inoculations were made from cultures 
that had reached the normal time for 
transfer to fresh flasks, that is, from cul- 
tures 28 to 35 days old. Each culture was 
removed from its flask in the manner pre- 
viously described (7), the heavy ridge at 
the edge of the fibrin sheet was trimmed 
off, and areas of the clot which obviously 
contained no cells were also removed. 
In the early experiments, the remaining 
cellular area was cut into strips compara- 
ble in size with those used in the transfer 
to fresh flasks, about 4 x 20 mm., and these 
strips were placed in about 0.7 cc. of 
saline solution in a depression plate. 
Later, the cell sheet was left intact. At 
the end of the dissection of a set, each 
explant was loaded into a 3-inch, 13-gage 
hypodermic needle, which was fitted with 
a heavy plunger. These needles were 
used as trocars to inject the cell mass. 

Since there was some possibility that the 
cells would dry out in these trocars and 
since much trouble was experienced in 
loading, after the first few experiments 
1-cc. tuberculin syringes fitted with 18- 
gage needles 1% inches long were used 
instead of trocars. Several methods of 
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loading the syringes were tried: At first 
the cell clump was deliberately broken up 
by sucking it up through the needle into 
the syringe, but this procedure was often 
troublesome; later the clump was lifted 
out of the saline with a platinum-iridium 
spatula and slipped into the rear end of the 
barrel of the tuberculin syringe through 
a small funnel (drawn down from glass 
tubing of 12-mm. diameter) about 50 mm. 
long and sloped gradually so that it meas- 
ured 4 mm. inside diameter at its tip. 
This latter procedure has proved satis- 
factory. Whatever the technique used in 


preparation and injection, each culture 
é 


was handled separately, with separate dis- 
secting dishes, knives, trocars, syringes, 
and funnels, so that there was no cross 
contamination from one culture to another. 

All mice were of the C3H strain, Ander- 
vont substrain, and were obtained from 
Dr. H. B. Andervont or Dr. J. W. Thomp- 
son, of this Institute. All were fed Purina 
dog chow. Parallel injections of the mice 
from the two sources showed no difference 
in their behavior so the source will not be 
specified for each lot. The mice in the 
experiment were individually labeled and 
were kept in a room where no other tumor- 
bearing mice were placed. 

For each mouse, the area of skin through 
which injection was to be made was 
clipped and wiped first with absolute 
alcohol and then with 1:500 mercuric 
chloride, or in later work with a 1:500 
solution of metaphen. This solution was 
wiped off with alcohol and injection made 
through the still damp area. The site was 
then swabbed with a thin layer of petro- 
leum jelly to prevent injury to the skin 
from the alcohol. 

The injected mice were examined about 
once a week although there was some 
variation in this, examination being less 
frequent and regular in the early experi- 
ments than in the later. The infrequency 
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of examination must be taken into con- 
sideration in interpreting the time recorded 
for a tumor to appear after inoculation. 
All tumor sizes were determined with 
calipers graduated to millimeters, and the 
three axes of the tumor were measured as 
accurately as practicable. 

With the exception of mice which were 
lost or which died overnight or over a week 
end and were too badly decomposed to 
permit autopsy, all were killed and autop- 
sied. In early experiments mice were fre- 
quently killed early after tumor appear- 
ance. In later experiments the mouse was 
usually killed either when tumor size 
indicated that the animal could not live 
long or when the mouse had been carried 
at least 90 days after injection. 

Autopsies were carried out with special 
attention to the area around the site of 
injection and with respect to the possibility 
of metastases. The pathology is given 
here only to the degree necessary to estab- 
lish diagnosis, as it will be reported more 
fully in the next paper (2). When a 
diagnosis of sarcoma is given, it is meant to 
indicate a structure of the tumor charac- 
teristic of sarcoma as determined by 
microscopic examination, with definite 
invasion of the surrounding tissue. When 
the tumor is described as regressing, the 
term is used to indicate such general cell 
injury, degeneration, and necrosis, as to 
suggest that the tumor would possibly have 
been resorbed. 

In all subinoculations of tumor tissue 
from mouse to mouse, the trocars described 
have been used. Nearly all subinoculated 
mice were also autopsied. 


RESULTS 
PRIMARY INOCULATION 


In the early experiments on the injection 
of these strains of cells, the primary aim 
was to try to demonstrate the production 
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of tumors from the cells treated with 
carcinogen in vitro. Since the poten- 
tialities and behavior of these cell strains 
in vivo were entirely unknown in the early 
experiments a number of different varia- 
ations were introduced in the methods of 
injection and handling of mice to find what 
seemed to be optimal conditions for tumor 
production. In view of the earlier work of 
Earle and Voegtlin (3) with the Jensen 
rat sarcoma, the large majority of the 
injections were intramuscular. 


Experiment 7 


Cultures of strain N carcinogen-treated 
cells were injected (March 3, 1942) 25 
days after the carcinogen was discontinued. 
Injections were made by trocar into the 
back muscle; one-half culture (two culture 
strips) for each male mouse was used. 
The cultures had been grown during the 
preceding generation in contact with 
normal control cells of the same strain in 
the horse serum-chick embryo extract 
medium already described (7). The whole 
cell mass including normal and strain N 
experimental cells was injected. 

Nine days after injection, six of the eight 
mice injected showed small tumors at the 
site of injection. At autopsy, 121 days 
after injection, five of the eight mice 
showed tumors, ranging in size from one 
that measured 1 x 1 x 1 mm. along the 
three axes up to three much larger tu- 
mors, of which the largest measured 20 x 
15 x 15 mm. 
agnosed microscopically as sarcoma; one 


AJl five tumors were di- 


(5x 5 x 2 mm.) appeared to be regressing. 
The remaining three mice were normal. 


Experiment 2 


Cultures of strain N carcinogen-treated 
cells were injected (May 26, 1942) 109 
days after the carcinogen was discontinued. 
Injections were made by trocar into the 


back muscle and subcutaneous regions of 
male mice. This experiment included. 
three groups of mice as follows: 


Group 1.—Cultures were injected into 29 nor- 
mal mice. Four showed tumors about 5 x 4 x 3 
mm. in size 9 to 14 days after injection. On 
autopsy at the time of tumor appearance, all 
were diagnosed sarcomas; 3 appeared micro- 
scopically to be regressing. Three other mice 
showed tumors at 24, 44, and 86 days, respectively; 
the largest tumor measured 17 x 17 x 12 mm. at 
autopsy shortly after it was first observed (86 
days). All 3 were diagnosed sarcoma; 1 appeared 
to be regressing. One mouse was negative when 
autopsied at 45 days; and 21 were negative when 
autopsied at 86 days. 

Group 2.—Cultures were injected into 16 mice 
which 24 hours earlier had been subjected to 400 
r of hard X-ray ! (200-kv. 0.5-mm. copper filter) 
applied to the whole body. This was done in 
the hope of facilitating growth of the tumors by 
lowering the resistance of the mice. 

Nine mice of this group showed tumors at 9 to 
14 days. One mouse died and was not examined; 
eight were autopsied at from 9 to 44 days after in- 
jection, and the smallest tumor was 3 x 2 x2 and 
the largest 20x15x9mm. Two additional mice 
showed tumors at 2t and 86 days, which reached a 
size of 15 x 8 x 6 mm. and 10 x 7 x 3 mm. at 
autopsy at 44 and 86 days, respectively. 

Group 3.—Cultures were injected into 19 mice 
which 24 hours earlier had received an intraperi- 
toneal injection of 1 cc. of 60 percent horse serum 
and 40 percent embryo extract. This group was 
inoculated to explore the possibility that by de- 
sensitizing the mice, tosome extent, to the medium 
used in growing the cells, the growth of the tumors 
could be facilitated. 

Two mice showed small tumors in 9 days and 
2 in 86 days. All were autopsied at the time of the 
first recorded appearance of tumor. Microscopic 
examination of 3 of these 4 mice led to diagnosis 
of sarcoma, while the fourth was not sectioned. 
The other 15 mice were negative when autopsied 
at 86 days. 

A great deal of trouble was experienced in this 
and other early experiments with irradiated mice. 
Irradiation apparently so greatly lowered the 
resistance of the mice that an epidemic of some- 
thing like mouse typhoid started in the irradiated 
group and spread to the other two groups of this 


1 These and other irradiated mice used were irradiated 
by Dr. Paul S. Henshaw, of this Institute. 
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series. All mice which seemed at all unhealthy 
were, therefore, killed. Such mice are omitted 
from the summarized data. Because of this com- 
plication, the use of X-ray irradiation on groups 
other than those on which it had already been 
started, was discontinued. The use of a previous 
injection of horse serum and chick-embryo ex- 
tract was also discontinued in further work as it 
seemed to offer no advantages. 


Experiment 3 


Cultures from strain L_ carcinogen- 


treated cells were injected June 2, 1942, 
68 days after the carcinogen was discon- 
tinued. Injections were made by syringe 
into the back muscles of male mice. This 
experiment included two groups: ‘ 


Group 1.—One-half culture was injected into 
each of 19 mice. In 22 days 1 mouse showed a 
tumor, which reached a size of 20 x 15 x 6 mm. at 
43 days. Autopsy at this time gave a diagnosis of 
sarcoma. One mouse was negative when killed at 
37 days. Seventeen mice carried to 79 days were 
negative at autopsy. 

Group 2.—One culture was injected into each of 
14 mice. Six showed tumors in from 14 to 37 
days, and three others at 79 days. Three of these 
tumor-bearing mice died without autopsy. Six 
autopsied at 22 to 79 days showed tumors ranging 
from 15 x 7 x 6 to 28 x 25x 14 mm. in size. Six 
tumors sectioned all gave a diagnosis of sarcoma. 
Five mice were negative when autopsied at 79 days. 


Experiment 4 


Cultures used in experiment 4 were of 
control cells from strains O and K, which 
were injected (June 18, 1942) by syringe 


into the back muscles of male mice. This 


experiment included four groups. 


Group 1.—One-half culture was injected into 
each of three normal mice. All were negative 
when autopsied at 149 days. 

Group 2.—One whole culture was injected into 
each of five normal mice, one of which showed a 
tumor in 14 days. The diagnosis at autopsy at 
this time was regressing sarcoma. Three mice 
showed tumors in from 50 to 64 days, with maxi- 
mum recorded sizes of 8 x 8 x 5, 27 x 27 x 16, and 
20 x 19 x 19 mm. at the time of their respective 
autopsies, 77, 84, and i149 days after injection. 
All were diagnosed sarcoma. One mouse was 
negative at autopsy at 149 days. 


Group 3.—F our mice-were irradiated as described 
in experiment 2, and one whole culture was 
injected into each. One showed a tumor at 50 
days which measured 10 x 9 x 6 mm. when found. 
The mouse was autopsied the same day. This 
tumor was diagnosed sarcorma. Three mice were 
negative at autopsy, 148 days after injection. 

Group 4.—Each of four irradiated mice received 
one whole culture. Three mice showed tumors at 
14, 64, and 149 days, which at autopsy 14, 66, and 
149 days, measured 6 x 5 x 2, 25 x 22 x 20, and 
10 x 10 x 10 mm., respectively. All were diag- 
nosed sarcoma; the second tumor appeared to be 
regressing, as determined from a microscopic 
section. One mouse died at 115 days and was 
grossly negative. 


Experiment 5 


Cultures from strain J controls and strain 
N controls, and strains J and N carcin- 
ogen-treated cells were injected (July 3, 
1942) 178 day’ after strain J, and 147 days 
after strain N was removed from carci- 
nogen. All injections were made with 
syringes into male mice. This experiment 
included four groups: 


Group JC.—Fourteen mice were injected with 
strain J control cultures. Twelve mice showed 
tumors 20 to 114 days after injection, most of the 
tumors appearing in about 60 to 80 days. The 
largest tumor showed a maximum recorded size of 
45 x 21 x 20 at 81 days, and the smallest 3 x 3 x 
3 mm. also at 81 days. One mouse, with a tumor 
22 x 15 x 15 mm., died at 66 days and was not 
autopsied; three were autopsied at 103 to 134 days 
and had tumors diagnosed regressing sarcoma; 
eight autopsied at 63 to 134 days had tumors 
diagnosed sarcoma; two were killed at 134 days 
and showed no tumors. 

Group NC.—Five mice were injected with strain 
N control cultures. Three mice showed tumors at 
20, 49, and 134 days, respectively. The tumors 
measured 25 x 20 x 10, 25 x 20x 3, and 7x 5x2 
mm., when the mice were autopsied at 70, 70, 
and 134 days. All tumors were diagnosed sar- 
coma. The other two mice when autopsied at 
134 days were negative. 

Group 7.—Four mice were injected with strain 
J carcinogen-treated cultures. Two mice showed 
tumors at 53 and 114 days. The tumors reached 
maximum recorded sizes of 34 x 26 x 21, and 
24 x 24x 15 mm. at 64 and 118 days, respectively. 
The first of these two mice died at 64 days and 
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was not autopsied; the second was autopsied at 
118 days, when the tumor was diagnosed sarcoma. 
The other two mice were autopsied at 134 days 
and were grossly negative. 

Group N.—Thirty-one mice were injected with 
strain N_ carcinogen-treated cultures. Four 
showed tumors at 69 days, and three were autop- 
sied at that time. The tumor sizes ranged from 
12x 10x 10 to 20 x15x15mm. The fourth 
mouse, which was autopsied at 134 days, showed 
a tumor 22 x 17 x 10 mm. All tumors were 
diagnosed sarcomas. The other 27 mice were 


autopsied at 134 days and were negative. 
Experiment 6 

Injections of carcinogen-treated cultures 
from the H strain were made (July 17,1942) 
218 days after the cultures were removed 
from the carcinogen. All injections were 
made by syringe into the back, and each 
mouse received one culture. This experi- 
ment consisted of two groups. Some in- 
jections in each group were made intra- 
muscularly and some _ intraperitoneally, 


approximately the same relative number 





of each injection type being used in each 
group. Since the injection site seemed to 
have little influence on the results, it is 
left out of consideration. 


Group 1.—Fifteen mice were used in this group. 
The culture mass was drawn up into the syringe 
through the needle. Thirteen of the mice showed 
tumors in 10 days and when autopsied at 28 to 33 
days, it was found that the tumors ranged from 
15 x 15 x 12 to 37 x 35 x 35 mm. in size. Two 
other tumors appeared at 88 days, and at autopsy 
at 104 days they were about 25 x 18 x 18 mm. in 
size. Ali the tumors were diagnosed sarcoma. 
There were no mice in the group which did not 
show tumors. Figure 1 shows five mice from this 
group. 

Group 2.—Eleven mice were used in group 2. 
The culture mass was repeatedly sucked into the 
syringe through the needle and then ejected, until 
the clumps were thoroughly broken up and emulsi- 
fied. Five of the mice injected showed tumors in 
28 days or less, one in 55 days, and one in 88 days. 
One tumor-bearing mouse was lost at 104 days; 
six were autopsied at from 56 to 104 days and had 
tumors ranging from 8 x 8 x 7 mm. (56 days) to 
35x 30x 25mm. Six tumors were sectioned and 


Ficure 1.—Five representative tumor-bearing mice. The tumors arose from injection of strain H car- 


cinogen-treated cells (experiment 6, group 1). The mice were autopsied 33 days after first inoculation. 


all were diagnosed sarcoma. Four mice showed 
no tumor when autopsied at 104 days. 


Experiment 7 


Thirty-four male mice were injected 
(August 31, 1942) with strain L control 
cultures. One culture was injected into 
each mouse with a syringe which was 
loaded by funnel. Injection was made into 
the lumbar muscles and was rather deep 
so that in some mice it was probably retro- 
peritoneal. Thirty mice showed tumors 
in from 22 to 79 days, the larger number 
appearing about 45 days. When the 
mice were autopsied at from 44 to 75 days, 
the tumors varied in size from 8 x 6 x 6 
to 30 x 25 x 20 mm. Twenty-eight were 
diagnosed sarcoma, of which four seemed 
to be tumor-bearing 
mice were not autopsied; four mice were 
negative. 


regressing. Two 


Experiment 8 


Thirty male mice were inoculated by 
syringe (September 9, 1942) with one 
culture each from strain H control cul- 
tures; the injection was placed in the 
Jeft groin and lumbar region. One mouse 
showed a tumor at 52 days; and at autopsy 
at 92 days, the tumor measured 22 x 15 
x15mm. On sectioning it was diagnosed 
sarcoma. Twenty-nine mice were nega- 
tive when autopsied at 126 days. 


Experiment 9 


Cultures from strain H controls, and H, 
J, L, and N carcinogen-treated cultures 
were injected (October 3, 1942) 296, 270, 
191, and 239 days, respectively, after 
strains H, J, L, and N had been removed 
from carcinogen. All injections were made 
by syringes loaded through funnels, into 
the dorsal lumbar muscles of male mice, 
one culture for each mouse. There were 
five groups in this experiment. 

Group HC.—Nine mice were each injected with 
one strain H control culture. Two mice showed 
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tumors in 71 and 78 days, the respective tumors 
measuring 25 x 20 x 20 and 15x 12 x 10 mm. at 
102 days. Both were diagnosed sarcoma. Seven 
mice were negative when autopsied at 102 days. 

Group H.—Ten mice were each injected with 
one strain H carcinogen-treated culture. One 
showed a tumor in 8 days, one in 36, and one in 
88. When the three mice were autopsied at 36, 
102, and 102 days, their tumors measured 32 x 20 
x 20, 39 x 34 x 30, and 20 x 17 x 17 mm. All 
were diagnosed sarcoma. Seven mice were nega- 
tive when autopsied at 102 days. 

Group F.—Ten mice were each injected with 
one strain J carcinogen-treated culture. Two 
mice had tumors at 8 days; the tumors reached a 
size of 34 x 30 x 30 and 28 x 28 x 25 mm. at 71 
and 64 days, respectively, at which time the ani- 
mals were autopsied. Both tumors were diag- 
nosed sarcoma. Eight mice showed no tumor at 
102 days. 

Group L.—The 10 mice in group L were each 
injected with 1 strain L carcinogen-treated cul- 
ture. Three showed tumors at 22 days, and at 
22 to 36 days the tumors reached a size of about 
32 x 22x19 mm. Two were not autopsied; one 
was autopsied and sectioned, the tumor being 
diagnosed sarcoma. Six mice showed no tumors 
at 102 days. 

Group N.—Nine mice were each injected with 
one strain N carcinogen-treated culture. One 
mouse showed a tumor in 8 days which reached a 
size of 25 x 20 x 20 mm. at 64 days, and at autopsy 
was diagnosed sarcoma. Eight mice showed no 
tumors at 102 days. 


Experiment 10 


Cultures from strain D controls and H, 
J, L, N, and O carcinogen-treated strains 
were injected (November 2, 1942) 326, 
300, 221, 269, and 47 days, respectively, 
after strains H, J, L, N, and O had been 
removed from the carcinogen. All injec- 
tions were made into the dorsal lumbar and 
thigh muscles of male mice, one culture to 
each mouse. The syringes were loaded 
through funnels. The experiment in- 
cluded six groups: 

Group DC.—Four mice were each injected with 
one strain D control culture. Three showed 
tumors in from 11 to 30 days; the tumors reached 
sizes up to 20 x 18 x 15 mm. at 34 days, and at 
autopsy when sectioned were diagnosed sarcoma. 

















INJECTION OF CULTURES 219 


One mouse showed a tumor at 48 days which 
reached a size 36 x 27 x 20 mm. at 83 days. This 
mouse was not autopsied. 

Group H.—Six mice were each injected with one 


strain H carcinogen-treated culture. Five showed 
tumors in 6 to 11 days, which at 20 to 39 days had 
reached sizes ranging from 19 x 7 x 7 to 30 x 24 
x 24mm. At autopsy at 20 to 39 days, all were 
diagnosed sarcoma. 
103 days. 

Group 7.—Seven mice were each injected with 
one strain J carcinogen-treated culture. All were 
negative at autopsy 103 days after injection. 

Group L.—Seven mice were each injected with 
one strain L carcinogen-treated culture. Four 
showed tumors at 11 to 18, and one at 48 days after 
injection. The recorded sizes of the tumors 
ranged from 13 x 12 x 10 to 30 x 30 x 30 mm. at 29 
to 80 days. 
days, and the tumors diagnosed sarcoma; one 
mouse bearing a tumor 30 x 30 x 30 mm. died at 
80 days but was not autopsied. Two mice were 
negative when autopsied at 103 days. 

Group N.—Seven mice were each injected with 
one strain N carcinogen-treated culture, and all 
were negative when killed 103 days after injection. 

Group O.—Five mice were each injected with 
one strain O carcinogen-treated culture. One 
mouse at 48 days showed a tumor which enlarged 
to 19 x 16 x 16 mm. at 97 days. The mouse died 
but was not autopsied. Four mice were negative 
at 103 days. 


One mouse was negative at 


Four mice were autopsied at 29 to 40 


Experiment 11 


Cultures from strain D controls, and H, 
J, L, N, and O carcinogen-treated strains 
were injected (November 4, 1942) 328, 
302, 223, 271, and 49 days, respectively, 
after strains H, J, L, N, and O had been 
removed from carcinogen. All injections 
were either of seven-eighths of a culture or 
one whole culture each and were made 
from syringes loaded through funnels. 
Where only seven-eighths of a culture was 
used, the culture was very large so that all 
mice can for practical purposes be con- 
sidered as having received a whole culture 
each. Injections were made into dorsal 
groin and lumbar region of male mice. 
The experiment included six groups: 


Group DC.—Five mice were injected with strain 
D control cultures, and all developed tumors, four 








of them in 37 days and the fifth in 67 days. They 
were autopsied at 56 to 100 days, and at autopsy 
the tumors ranged from 26 x 17 x 17 to 35 x 30 x 30 
mm. All were diagnosed sarcoma. 

Group H.—Seven mice were injected with 
strain H carcinogen-treated cultures. Five mice 
showed tumors in 9 days, one other in 18 days, 
while one was negative at 100 days. The six 
tumor-bearing mice were autopsied at 18 and 46 
days when the tumor sizes ranged from 22 x 12 x 10 
to 30x 20x20mm. All were diagnosed sarcoma. 

Group 7.—Seven mice were injected with strain 
J carcinogen-treated cultures. One mouse that 
developed a tumor at 56 days was autopsied at 
100 days; the tumor measured 36 x 32 x 20 mm. 
and was diagnosed sarcoma. The other six mice 
were negative at 100 days. 

Group L.—Seven mice were injected with strain 
L carcinogen-treated cultures. Three developed 
tumors in 9 days, and at autopsy 37 to 70 days 
after injection the tumors ranged from 27 x 19 x 19 
to 36x 30x 30mm. All were diagnosed sarcoma. 

Group N.—Five mice were injected with strain 
N carcinogen-treated cultures. All mice were 
negative when autopsied at 100 days. 

Group O.—Four mice were injected with strain 
O carcinogen-treated cultures. One showed a 
tumor in 9 days that enlarged to 13 x 10 x 10 mm. 
at 37 days. The mouse was autopsied at this time 
and the tumor diagnosed sarcoma. The other 
three mice were grossly negative at 100 days. 


Experiment 11a 


Experiment 11a was carried on in con- 
junction with experiment 11. Cultures 
used in experiment 11 to inoculate mice 
Nos. 2 (with strain D control cells), 9 
(with strain H carcinogen-treated cells), 
18 and 20 (with strain J carcinogen-treated 
cells), 27 (with strain L carcinogen-treated 
cells), 35 (with strain N carcinogen-treated 
cells), and 49 (with strain O carcinogen- 
treated cells) were employed. A uniform 
segment of less than one-eighth the cir- 
cumference of each culture was removed, 
and the segments were inoculated sep- 
arately into mice Nos. 1, 8, 17, 19, 26, 34, 
and 48, respectively. The parent cultures 
were also inoculated as described in 
experiment 11. Large parent cultures 
were selected so that the removal of one- 
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eighth of each did not reduce the size to 
less than that normal to cultures of the 
several strains. Each parent culture was 
used as a control for the one-eighth-sector 
culture taken from it. 

The mouse injected with the seven- 
eighths culture of strain D showed a tumor 
in 37 days which reached a size of 35 x 30 x 
30 mm. at 56 days. The tumor from the 
strain D one-eighth culture appeared in 
37 days but reached a size of only 25 x 17 x 
17 mm. in 56 days. 
diagnosed sarcoma. 


Both tumors were 


The mouse injected with the seven- 
eighths culture of strain H developed a 
tumor in 9 days that measured 23 x 18 xs 
18 mm. at 18 days. The tumor from the 
one-eighth injection also appeared in 9 
days and reached a size of 35 x 25 x 25 at 
27 days. 


sarcoma. 


Both tumors were diagnosed 


All injections, either of seven-eighths or 
of one-eighth clump from strains J, L, N, 
and O, were negative at 100 days. 


Experiment 12 


Cultures from strain D controls, and 
H, J, L, N, and O carcinogen-treated 
strains were injected (November 10, 1942) 
334, 308, 229, 277, and 55 days, respec- 
tively, after strains H, J, L, N, and O had 
All in- 
jections were of one culture each and were 
made with syringes loaded through fun- 
nels. The injections were made into the 
dorsal groin and lumbar region. The ex- 
periment included six groups of mice: 


been removed from carcinogen. 


Group DC.—Six mice were each injected with 
one D control culture. Four developed tumors in 
12 to 31 days, the other two at 61 days. The 
tumors ranged in size from 25 x 16 x 12 to 30 x 
25 x 20 mm. at 40 to 94 days. Four mice were 
autopsied and the tumors diagnosed sarcoma; two 
mice bearing large tumors died but were not 
autopsied. 

Group H.—Seven mice were each injected with 
one strain H carcinogen-treated culture. Five 


developed tumors at 12 days which reached sizes 
from 20 x 15 x 15 to 38 x 23 x 20 mm. at 29 days. 
All tumors were diagnosed sarcoma. 
were negative at 94 days. 

Group 7.—Seven mice were each injected with 
one strain J carcinogen-treated culture. One 
mouse developed a tumor at 40 days which meas- 
ured 13 x 13 x 13 mm. at 94 days and was diag- 
nosed sarcoma. The other six mice were negative 
at 94 days. 

Group L.—Five mice were each injected with 
one strain L carcinogen-treated culture. Three 
had tumors at 40 days; autopsy at 50 days showed 
that the tumors ranged from 20 x 15 x 10 to 35 x 
30 x 30 mm. Two tumors were sectioned and 
diagnosed sarcoma. The third mouse was not 
autopsied. The two remaining mice were nega- 
tive at 94 days. 

Group N.—Five mice were each injected with 
one strain N carcinogen-treated culture, and all 
were negative at 94 days. 

Group O.—Eight mice were each injected with 
one strain O carcjnogen-treated culture, and all 
were negative at 94 days. 


Two mice 


Experiment 13 


Cultures from strain D controls, and 
H, J, L, N, and O carcinogen-treated 
strains were injected (November 11, 1942) 
335, 309, 230, 278, and 56 days, respec- 
tively, after strains H, J, L, N, and O had 
been removed from carcinogen. All in- 
jections were made with syringes loaded 
through funnels with one cuJture each and 
into dorsa] hip and lumbar region. The 
experiment included 6 groups of mice: 


Group DC.—Ten mice were each injected with 
one strain D control culture. One mouse devel- 
oped a tumor in 11 days which had grown to 
29 x 16x 16 mm. at 49 days. Four developed 
tumors at 39 to 49 days, and one at 69 and one at 
88 days. Five tumor-bearing mice were autop- 
sied at 49 to 93 days after injection; the tumors 
ranged from 22 x 15 x 10 to 28 x 28 x 20 mm. and 
were diagnosed sarcoma. ‘Two mice bearing large 
tumors died at 73 and 80 days but were not autop- 
sied. Three mice were normal at 93 days. 

Group H.—Nine mice each received an injection 
of one strain H carcinogen-treated culture. Six 
developed tumors at 11 days which at 19 to 49 
days reached sizes from 20 x 15 x 10 to 36 x 26 x 26 
mm. The six mice were autopsied at 19 to 49 














INJECTION OF CULTURES 221 


days and all tumors were diagnosed sarcoma. The 
other three mice were grossly negative at 93 days. 


Group 7.—Ten mice were each injected with one 
strain J carcinogen-treated culture. Three devel- 
oped tumors in 11, 30, and 60 days; the first two 
were autopsied at 49 and 93 days, and the tumors 
were found to measure 25 x 20 x 20 and 39 x 26 x 26 
mm., respectively. The smaller tumor was sec- 
tioned and diagnosed sarcoma. The other seven 
mice were negative at 93 days. 

Group L.—Twelve mice each received an injec- 
tion of one strain L carcinogen-treated culture. 
One mouse developed a tumor in 11 days which at 
49 days reached a size of 30 x 25 x 25 mm. and 
was diagnosed sarcoma. The other 11 were 
negative at 93 days. 


Group N.—Nine mice were each injected with 
one strain N carcinogen-treated culture. All were 
negative at 93 days. 


Group O.—Nine mice were each injected with 
one strain O carcinogen-treated culture. All 
were negative at 93 days. 


Experiment 14 


Cultures from strain D controls, and 
H, J, N, and O carcinogen-treated strains 
were injected (December 1, 1942) 355, 
329, 298, and 76 days, respectively, after 
strains H, J, N, and O had been removed 
from carcinogen. Instead of injecting one 
whole culture into each mouse, two strips 
were cut from each O strain culture of such 
size and shape that they included the mass 
of living ceJls. The strips were trimmed 
to uniform size, and then strips of the same 
size were cut from the growing areas of 
cultures of the other strains. This proce- 
dure gave two strips of equal area from the 
In the case 
of the more luxuriantly growing cultures, 
care was taken to cut the strips from the 
Jess densely cellular areas so that the cell 
density in all strips was roughly compar- 
able, the N and O strain strips, if any- 
thing, had greater cell density than the D 
and H strain strips. Each pair of strips 
from one culture was injected into one 
All injections were made with 
syringes loaded through funnels and into 


growing zone of al] cultures. 


mouse. 








the dorsal hip and lumbar region. The 
experiment included five groups of mice: | 


Group DC.—Twelve mice were each injected 
with strips from a strain D control culture. Ten 
showed tumors in 17 to 38 days, and at 44 to 51 
days the tumors ranged from 16 x 10 x 10 to 
39x 28x28 mm. Eight mice were autopsied at 
54 to 63 days; seven tumors were sectioned and 
diagnosed sarcoma. Two mice bearing large 
tumors died but were not autopsied. The other 
two mice were negative at 106 days. 

Group H.—Twelve mice were each injected with 
one strain H carcinogen-treated culture. Eight 
showed tumors at 12, and one at 17 days. The 
tumor sizes ranged from 10 x 10 x 10 at 37 days 
to 30 x 25 x 25 mm. at 38 days. All these tumors 
were diagnosed sarcoma. The other three mice 
were negative at 106 days. 

Group 7.—Twelve mice were each injected with 
one strain J carcinogen-treated culture, and all 
were normal at 106 days. 

Group N.—Eleven mice, which were injected 
with one strain N carcinogen-treated culture 
each, were normal at 106 days. 

Group O.—Nine mice received an injection of one 
strain O carcinogen-treated culture each. Two 
mice developed tumors at 12 and 49 days, which 
measured 25 x 17 x 17 and 32 x 22 x 20 mm. at 54 
and 102 days, respectively. Both tumors were 
diagnosed sarcoma. The other seven mice were 
negative at 106 days. 


SUBINOCULATIONS OF TUMORS ORIGINAT- 
ING From INOCULATIONS OF DIFFERENT 
CELL STRAINS 


The various tumor strains started from 
the original inoculation of the control and 
the carcinogen-treated cells of the different 
strains may be summarized as follows: 


Strain D control cells gave rise to one tumor 
strain which at present is in its fourteenth tumor 
generation. 

Strain H control cells also gave rise to one tumor 
strain, at present in its fourteenth tumor gener- 
ation. 

Strain J control cells gave rise to a tumor strain 
that was carried three tumor generations and 
dropped. 

Strain H carcinogen-treated cells gave rise to 
two tumor strains, the first of which was carried 
five tumor generations and then dropped while 
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the second is now in its fourteenth tumor genera- 
tion. 

Strain J carcinogen-treated cells gave rise to a 
tumor strain now in its fourteenth tumor gener- 
ation. 

Strain L carcinogen-treated cells gave rise to 
two tumor strains; the first was carried through 
seven tumor generations and then dropped, and 
the second is now in its fourteenth tumor gener- 
ation. 

Strain N carcinogen-treated cells gave rise to 
three tumor strains: the first grew poorly and failed 
to grow at all in its third generation; the second 
was carried through seven tumor generations and 
dropped; and the third is now in its fourteenth 
tumor generation. 

Strain O carcinogen-treated cells gave rise to 
one tumor strain now in its fourteenth tumor 
generation. ‘ 

On injection into strain C3H mice, 
tumors from these various strains regularly 
appeared as easily palpable masses in 5 to 
10 days. 
an occasional generation of a tumor strain 
was poor, probably owing to selection of 
more or less necrotic tissue for transfer; 
but with the exception of a few instances 
of this kind, the growth of the tumors was 
rapid and regular, and tumors appeared 
in nearly 100 percent of the injected mice. 

During the earlier generation of these 
tumor strains, it was noted that different 
strains seemed to have different growth 
rates. The study of these growth rates 
is now in progress and wil] be reported 
later. 


As with alJ tumor inoculations, 


METASTASES 


The production of metastases is con- 
sidered in the next paper (2). Metastases 
to the lungs were observed in five mice 
injected with strain L carcinogen-treated 
cultures, and one instance was noted in 
tumors arising from strain O carcinogen- 
treated cultures. 


DISCUSSION 


The whole group of culture strains in 
these experiments demonstrated a closely 
graduated morphologic transition from 


the H control strain (HW), which was 
barely perceptibly altered morphologi- 
cally from the normal cells of origin, to 
the most severely altered cells of strain O 
which had been subjected to methylchol- 
anthrene for 406 days. 

Experiments 1 through 14 show that 
when cells of each of these culture strains 
were inoculated into mice of the C3H 
strain, a tumor developed rapidly at the 
site of injection in a certain number of the 
mice. The tumor increased in size and 
usually killed the mouse unless its course 
was interrupted by autopsy. Microscopic 
study of al] the tumors examined uniformly 
showed a structure typical of sarcoma, 
such as arises from fibroblast or mesen- 
chymelike cells of the connective tissues. 
When culture, strains had been treated 
with carcinogen for long intervals, some 
mice showed definite metastases to the 
lungs. Subinoculations have been success- 
ful with tumors which arose from each of 
the cell strains injected. 

From these data and from the more 
detailed examination (2), 
there seems no doubt that these tumors 
must be classed as malignant, as sarcomas, 
and as being readily transplantable into 
the strain of mice from which the primary 
cell strain was originally taken. 

Bryan and Shimkin (4) reported that 
the injection of even 1,000y7 of methyl- 
cholanthrene in tricaprylin into strain C3H 
mice could induce tumors in only 1 percent 
of the mice in about 40 days. In the in- 
stance of production of tumors by injec- 
tion of the cell strains described herein, 
the time required for the production of 
many of the tumors to a stage where they 
were easily palpable and grew steadily 
was much less than 45 days, whereas some 
strains fairly consistently gave such tumors 
in 9 to 12 days. These data appear con- 
clusive that the tumors developing after 
injection of the cell clumps did not arise 


microscopic 
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because of the action of injected carcinogen 
but from the proliferation of the injected 
cell masses. This conclusion is confirmed 
by the fact that several] sections obtained 
from early tumor stages gave histologic 
evidence that the tumors were arising 
from the cells of the injected cell mass. 

In view of the gradual, morphologic 
alterations of the cells and the production 
of tumors by those cells, there seems little 
doubt that apparently normal celJs taken 
from an apparently normal and healthy 
young C3H mouse and grown in a com- 
pletely heterologous culture medium en- 
tirely removed from the systemic reactions 
of the original parent host and subjected 
to the action of a chemical carcinogen, 20- 
methylcholanthrene, undergo progressive 
morphologic alteration. When so altered, 
they can give rise to sarcomas on reinjec- 
tion into C3H mice. That this ability to 
undergo such alteration is not confined to 
cells of the C3H mouse in the presence of 
methylcholanthrene is shown by the work 
of Jacoby (5), who described a similarly 
altered architecture of tissue cultures from 
tumors induced in rats by injection of 1, 2. 
5, 6-dibenzanthracene. 

The injection data in experiments 1 to 
14 were obtained under various experi- 
mental conditions. If certain of the experi- 
ments and experimental groups are elim- 
inated, a fairly comparable group of data 
is left. Experiments 1 and 2 must be 
elimiinated entirely from consideration of 
the data, since in experiment 1 two cell 
types were injected and in both experi- 
ments 1 and 2 trocars were used to inject 
the cell mass, with possibly increased 
hazard of drying and of Joss of cells. 
Similarly, injections of irradiated mice and 
of less than a whole culture must also be 
disregarded, with the exception of experi- 
ment 11 in which the injection of seven- 
eighths of a culture was made. The final 
group of data is summarized in table 1. 


TaBLe 1.—Tumors produced on injection of cells of 
different cell strains 
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The question arises whether differences 
in the relative abilities of different culture 
strains to induce tumors, as shown in 
table 1, are due to the relative number 
of cells injected. Since the strain O cul- 
tures were extremely dense but covered 
only limited areas, the actual number of 
cells injected from a strain O culture was 
almost certainly less than that from a 
strain D control or a strain H carcinogen- 
treated culture, for instance. In experi- 
ment 14, however, the relative amounts 
of cells injected was altered so that the 
strain O injections had at least as large a 
number of cells as did injections from strain 
D controls or strain H carcinogen-treated 
cultures. In spite of this change, strain 
D control cultures gave rise to 10 tumors 
from 12 injections; strain H cultures 9 from 
12 injections; strains J and N no tumors 
from 12 and 11 injections, respectively; 
while strain O gave rise to 2 tumors from 
9 injections. 

In experiment 11a a similar test was 
anade, but less than one-eighth of a cul- 
ture was used from each strain, the re- 
maining seven-eighths being used as a 
control. In D control and H carcinogen- 
treated cultures, cell clumps containing 
either one-eighth or seven-eighths of a 
culture gave rise to tumors on injection, 
whereas in strains J, L, N, and O neither 
the one-eighth nor the seven-eighths of a 
cell mass did so. At this time, the relative 
number of cells fn D controls and H 
carcinogen-treated cultures was certainly 
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not seven times as great as in strains J, L, 
N, and O carcinogen-treated cultures. 
The conclusion from both of these ex- 
periments is that the difference in the 
frequency with which the inoculation of 
cultures of different strains gave rise to 
tumors resulted from a difference intrinsic 
in 
difference in the number of cells in the 
cultures inoculated. Accepting the work- 
that a 
nation of methylcholanthrene had _ pro- 
duced the morphologic changes observed 
in the control cultures, the conclusion is 
reached that the relative ability of these 
strains of cells (both control and experi- 


the cell strains rather than from a 


ing hypothesis trace contami- 


mental) to give rise to tumors is closely 
associated with the dose of carcinogen 
that the and with the 
morphologic alteration induced. 


cells received 

The percentage of tumors obtained for 
each cell strain (table 1) was plotted 
against the time the cultures were exposed 
to 1y of methylcholanthrene per cubic 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


centimeter of culture fluid. The result is 
shown in figure 2. 

Plotted in this way, while the positions 
of the points of strains H, J, L, N, and O 
are fixed along the horizontal axis, the 
position of strains HW (H control) and 
D (D control) are not fixed. From the 
morphologic changes observed in the cells 
(7), the position of the points for both 
strains D control (D) and H control (HW) 
can be fixed along the abscissa as defi- 
nitely to the left of point H, H to the 
left of point D, and both to the right 
of zero. Point D is already so close to 
that the 
horizontal position of this point as halfway 
between zero and H, and point HW 
as halfway between zero and point D 
along the horizontal axis. This was done 
in figure 2, where dotted lines connect 
points HW and D with H. 

If the shape of this curve is approximate- 


zero we can tentatively fix 


ly correct, certain conclusions are indicated 
from it: 
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Ficure 2.—Percentage of tumors obtained for each cell strain (ordinate) as a function of the time 
the cell strains were subjected to a 1y concentration of methy!cholanthrene in days (abscissa). 
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(1) Since a relatively slight shift to the 
left along the horizontal axis from point D 
control to point H control (HW) resulted 
in a drop in tumor production from 86.0 to 
7.7 percent and since these strain HW con- 
tro] cultures were recognizably morpho- 
logically altered, it seems most unlikely 
that the original primary strain of cultures, 
before this alteration, had the power of 
giving rise to sarcoma. If this is true, the 
left end of the curve would pass through 
the zero point on abscissa and ordinate, 
and it has been so drawn in figure 2. 

(2) The horizontal distance from the 
probable origin of the curve to point H 
control (HW), a point of very low tumor 
productivity, is very slight, while the 
distance from that point to point O is 
much greater. Certainly, too, the morpho- 
logic change from the normal cel] to one 
capable of inducing a tumor is very slight 
indeed” as compared with the further 
change that the. cell can undergo on 
continued exposure to carcinogen before 
it reaches a stage of morphologic change so 
great that it can no Jonger live. The most 
interesting point for speculation is whether 
the primary physiologic change from the 
normal cell to one capable of producing 
sarcoma is not similarly minute as com- 
pared with the further progressive change 
the ceJl can undergo through continued 
treatment with carcinogen without dying. 

(3) The point of maximum percentage of 
tumor production from primary injections 
appears definitely less than that seen in 
cells exposed to 1y of methylcholanthrene 
per cubic centimeter of culture fluid for 
6 days. How much less cannot be esti- 
mated. This conclusion, together with the 
other data presented, emphasizes the im- 
portance of the study of cells over an 
extended interval with lower carcinogen 
dosage than that used in the present work. 

When the rate of increase of width in 
the cell clump is pl »tted against the days 


in methylcholanthrene (7, fig. 22), there is 
a sharp drop at the point for strain J, a 
definite rise for strain L, and then a final 
drop for strains N and O. As depicted in 
figure 2 of the present paper, the curve 
for the percentage of tumors produced, as a 
function of the number of days in the carci- 
nogen, shows the same relationship for the 
points for strains H, J, L, N, and O. The 
accuracy of width measurements of the 
culture width curves might conceivably be 
such that point J was too low and point L 
too high, so that a correction of the posi- 
tions of these points might give a smoothly 
rounded curve from point H down te point 
N. When, however, this same character- 
istic irregularity in shape appears in the 
curve of the percentage of tumors pro- 
duced, a curve derived from a_ totally 
different type of measurement, it cannot 
be dismissed as the result of such possible 
error. Nor is there any possibility that 
strains J and L could have been inter- 
changed, since the degree of morphologic 
cell change in the cultures of strain J has 
been and was in May 1943 perceptibly less 
than that in the cultures of strain L. It is, 
therefore, apparent that this seeming irreg- 
ularity in the relative height of points J 
and Lon these two curves isa real phenome- 
non, although at the present time data 
available do not allow further interpre- 
tation of its cause or nature. 

The question naturally arises why Earle 
and Voegtlin (6) did not obtain tumors in 
the 12 mice they injected with the cultures 
they identify as strain 188. These cultures 
were injected 83 days after removal] from a 
concentration of 10y of methylcholan- 
threne per cubic centimeter of culture fluid 
in which they had been held for 114 days. 
Since, as these authors showed (6, 7), 
the action of the carcinogen increases with 
its concentration, the likelihood is that the 
cells of strain 188 were comparable with 
about strain N (184 days at ly) in the 
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present research. This is also indicated by 
the observation that the change in the 
appearance of the cells and the cultures in 
strain 188 was approximately comparable 
with that shown in strain N of the present 
study but certainly not so severe as that in 
strain O. The injected cultures of strain 
N produced about 7.6 percent tumors, or 
about 1 tumor in 13 injections. It is un- 
fortunate that only 12 injections of the 
cultures of strain 188 were made and that 
the work was then interrupted, as the 
present data suggest that a longer series of 
injections would probably have given rise 
to tumors. 


SUMMARY AND CONCLUSIONS 


Data are presented showing the results 
of injection of seven strains of fibroblast 
cultures into young strain C3H mice. 
These strains had all arisen from a pri- 
mary strain of fibroblasts, from a C3H 
mouse, grown in vitro in a mixture of horse 
serum and chick-embryo extract. The 
strains included two control strains, one of 
which was very slightly altered morphologi- 
cally (H control) and the other more 
altered (D control). The alteration is con- 
sidered as most probably having resulted 
from trace contamination of the cultures 
with 20-methylcholanthrene, although the 
possibility of its having arisen spontane- 
ously cannot as yet be ruled out. The 
experimental strains were all subjected to 


the carcinogen in a concentration of 1y per 


cubic centimeter of culture medium for 
Strain H was subjected 
for 6 days and was definitely more altered 
than strain D control; strain J was sub- 
jected for 32 days, strain L 111 days, 
strain N 184 days, and strain O 406 days, 
after which they were removed from car- 
cinogen for various periods and then 
injected. 

Cultures of each cell strain injected 
gave rise to tumors in the following per- 


different periods. 


centage of injections: H control 7.7; D 
control, 86; H carcinogen-treated, 72; 
J carcinogen-treated, 20; L carcinogen- 
treated, 46; N carcinogen-treated, 7.6; 
and O carcinogen-treated, 7.6. 

Because of the gradual morphologic 
alteration of the cells under the action of 
carcinogen and of the production of tumors 
by these altered cells, it seems clear that 
apparently normal fibroblasts taken from 
an apparently normal, healthy, young C3H 
mouse and grown in a completely heter- 
ologous culture medium entirely removed 
from the systemic reactions of the original 
host are progressively altered morpho- 
logically when exposed to the action of a 
chemical 20-methylcholan- 
threne. When so altered they can give 
rise to sarcoma’ on reinjection into C3H 
mice. The very low percentage of tumors 
produced by strain HW cells (H control), 
only very slightly altered morphologically, 
suggests that the normal fibroblast culture, 
characterized by its usual loose architec- 
ture, can produce few or no tumors on 
injection. 

The difference in frequency with which 
the inoculations of cultures of different 
strains produced tumors arose from a dif- 
ference intrinsic in the cell strains and not 
from a difference in the relative numbers 


carcinogen, 


of cells in the cultures inoculated. 

If it is accepted that a trace contamina- 
tion of methylcholanthrene had produced 
the morphologic changes observed in the 
control cultures, the conclusion is reached 
that the relative ability of the cell strains 
to give rise to tumors on injection is closely 
correlated with the dose of carcinogen the 
cells received and with the morphologic 
alteration induced in the cells by the 
carcinogen. 

The sarcomas produced by injection of 
cells of the different strains grew rapidly, 
and unless their course was interrupted by 
autopsy they usually caused the death of 
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the host mouse. 
plantable, and 


They were readily trans- 


frequently metastasized 
when derived from cultures exposed to the 
carcinogen as long as 111 days. 

When a concentration of 1y of methyl- 
cholanthrene per cubic centimeter of cul- 
ture fluid is used, maximum tumor produc- 
tion probably occurs from the injection of 


cells exposed to the carcinogen less than 
6 days, while continuous exposure for as 
long as 184 to 406 days alters cells so 
greatly that they can less readily produce 
tumors on inoculation. It is emphasized 
that further work should be done on the 
action of methycholanthrene in doses of 
less than 1y for 6 days. 
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Production of Malignancy in Vitro. VI. 
Pathology of Tumors Produced 


By ANDERSON NETTLESHIP, passed assistant surgeon (R), and Wirton R. EARLE, senior 
cytologist, with the technical assistance of Mary P. CLapp and Emma SHELTON, 
National Cancer Institute, National Institute of Health, United States Public Health Service 


The two preceding papers (7, 2) describe 
how cells of a primary strain of fibroblasts 
were first isolated from the subcutaneous 
and fatty tissues of a young strain C3H male 
mouse and maintained in a heterologous 
culture medium. It is also shown how 
different groups of cultures of this primary 
strain were treated for various periods 
with a ly concentration of 20-methyl- 
cholanthrene per cubic centimeter of cul- 
ture fluid and then reinjected into strain 
C3H mice. The method of injection of the 
cultures and the appearance of tumors at 
the injection have already been 
described (7, 2). The present paper pre- 
sents in detail the pathology of those 
tumors. 


sites 


GROSS PATHOLOGY 


The descriptions of the gross pathology 
are derived from a study of all tumor 
strains resulting from both the original 
implants and the first three generations of 
subinoculations. They are similar in all 
respects, except that the transplanted 
tumors tended to have more extensive 
necrosis. 

On gross examination, the tumors were 
found growing at the site of inoculation, in 
or about the left kidney or back muscles on 
the left side, intraperitoneally in the left 
kidney region, or deep in the muscles of the 
left thigh and pelvis. In individual cases, 
the tumor presented itself as a rounded, 
hard, nodular mass firmly attached to the 
skeleton and muscles. All primary-inocu- 
lation tumors were hard. Subinoculations 
were carried out with each strain, and 


some of the resulting tumors were very 
soft. At autopsy, in either primary inocu- 
lations or subinoculations, the tumors 
varied considerably in size. Some that 
grew poorly or on which autopsies were 
performed early were as smal] as 3 mm. in 
diameter; others were enormous, measur- 
ing 45 x 30 x 30 mm., or larger. Though 
rarely adherent to the skin, a few tumors 
which had progressed to large size grew 
into the skin and ulcerated through the 
surface. Ordinarily, the tumors were not 
adherent, and the skin could be slipped off 
readily, revealing a well-rounded but not 
encapsulated, firm, yellowish-gray mass, 
the deeper portions of which had grown 
solidly into near-by muscles (fig. 1, A). 
Although no well-defined capsule was seen, 
the subcutaneous aspect of these tumors 
did not grow into surrounding structures. 
In contrast with this, the deep border 
invaded freely and destroyed muscles, 
kidney, bone, or any structure lying in its 
path. While the blood vessels adjoining 
the tumor were enlarged and dilated, 
usually the tumor proper was not overly 
vascular. 

On section the tumors were rubbery and 
cut with some difficulty. Examination of 
the external surface of the tumor usually 
showed no evidence of necrosis; on gross 
section, however, necrosis was the invari- 
able rule except in the tumors which*had 
grown from primary-culture inoculation 
(fig. 1, B). The necrosis was central, 
spreading outward in an irregular, fan- 
shaped fashion, into the outer zone of firm, 
pink, viable tumor which was snared. The 
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Ficure 1. 


growing tumor edge where it had invaded 
muscle could not be defined. On section, 
the nonnecrotic portion of the tumor 
formed an irregular, gray-pink or trans- 
Jucent white, outer zone about 3 to 5 mm. 
wide. This area bulged; the necrotic areas 
were slightly depressed. The areas of 


necrosis proper varied in appearance. 


-A, Strain L tumor resulting from original tissue-culture inoculation. 
vaded from the left flank region and destroyed the left kidney, and occupies the lower portion of 
the abdomen. Approximately natural size; B, Cut surface of strain H tumor, slightly enlarged. 
The tumor has grown about the back muscles and onto the opposite flank. Abundant fresh necrosis 
is seen at the top of the tumor. 


The tumor has in- 


They ranged from fresh necrosis with 
tissue which was paler and softer than the 
live portion of the tumor, with a faint, 
thin edge of hemorrhage, to older necrosis 
with large, yellowish, caseous areas edged 
with bright red bands which grossly 
resembled fresh hemorrhage. The largest 
tumors showed large, irregular, necrotic 
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areas of all sorts, in some instances with 
almost total necrosis. Depending upon 
the extent of involvement of the thigh or 
back muscles, there was partial to total 
destruction of these muscle groups. Deeper 
implantation allowed the tumor to grow 
into the kidney or pelvis. In this case, the 
tumor grew into the pelvic cavity and 
about the left ureter, vagina, bladder, and 
rectum. It also invaded and destroyed 
pelvic bone. As the tumor advanced, all 
hollow viscera within the pelvis suffered 
from partial or total obstruction producing 
hydro-ureters, hydronephrosis, and mega- 
colon. When the implant had been in the 
kidney, the tumor would destroy it; if it 
was implanted slightly below the lower 
pole of the kidney, it produced high 
obstruction by growing about the uretero- 
pelvic junction. 
been intraperitoneal, widespread growth 
of the tumor over the viscera was encoun- 
tered. The tumor grew into and about the 


coils of the small intestine, mesentery, and 


If the implantation had 


omentum, among the lobes of the pancreas, 
and into the capsule of the spleen. 

It was difficult to distinguish which of 
these intraperitoneal tumors arose from 
fragments of the original injection and 
which were metastatic. Those cases in 
which the tumor was widespread showed 
multiple rounded masses ranging in size 
from 1 to 20 mm. and involving practi- 
organ in the abdominal 
cavity except the liver. One of the ani- 


cally every 


mals with multiple abdominal masses did 
show a tumor in the liver. In five cases, 
frank metastases occurred in the lungs and 
mediastinum. The metastases occurred 
only with the larger tumors and _ those 
showing the most extensive necrosis. Ex- 
cept for the questionable case of the tumor 
in the liver, all metastases were confined 
to the lung or associated mediastinal struc- 
tures, these latter possibly by extension 
from the lung metastases. In the five 


cases of lung metastases, the tumors made 
their appearance more often in the left 
than in the right lung and were found to 
originate most often in the periphery of 
the lungs beneath the pleura. The growth, 
while extending into the pleura, did not 
cause adhesion between parietal and vis- 
ceral pleurae. Grossly, the metastases 
were similar to the small nodules in the 
abdomen, gray-white, irregular in shape 
and did not show gross evidence of either 
necrosis or hemorrhage. The largest of the 
lung metastases measured 4 x 2 x 1 mm. 


Other gross findings were anemia; ema- 


ciation, particularly in extensive perito- 


neal involvement; and splenomegaly. Two 
cases of lobular pneumonia and occa- 
sional spotted livers (mouse typhoid?) were 
encountered. 

In all, 838 animals were examined at 
autopsy, including mice which had re- 
ceived the original subinoculation of tissue 
culture and also those which had received 
subinoculations ‘of tumor tissue through 
the fourth generation of inoculation. 
Of these, 578 bore tumors. Complete 
autopsies were performed on all animals 
autopsied in the earlier portion of the 
study; later, brain examinations were 
omitted. After examination of the tumor 
and the organs involved, a thoracic and 
abdominal dissection was made, with ex- 
amination of each organ. 


HISTOPATHOLOGY 


In the earlier phase of the study, all 
organs and the tumor were sectioned. 
The tumor section was taken in such 
fashion as to include a small amount of 
surrounding tissue, the outer viable zone 
of tumor, and a small segment of the ne- 
Later the sections were con- 
fined to the tumor and its extensions, 
heart and lungs, and any other question- 
able metastatic site. 


crotic areas. 
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After an animal was killed, the sections 
were obtained as rapidly as possible and 
fixed immediately in Zenker’s acetic and/ 
or Orth’s fluid. The usual paraffin em- 
bedding technique was followed routinely 
with haematoxylin and eosin stains, and in 
selected such as 
Laidlaw’s silver impregnation stain for 


cases special stains, 
reticulum, phosphotungstic acid-haema- 
toxylin, Mallory’s aniline blue, and the 
elastic collagen method of Verhoeff-van 
Gieson. Fifty percent of the tumors were 
examined microscopically. 
Microscopically, these sarcomas are like 
the ones previously described by Haaland | 
(3), Slye, Holmes, and Wells (4), and 
Heidenhain (5), as spontan- 
eously in mice or produced by direct 
injection of a carcinogen into the sub- 


arising 


cutaneous region. Nor are they greatly 
different from the spindle-cell sarcoma or 
fibrosarcoma which occur in man. The 
majority of them were made up of large 
spindle-cell types (fig. 2, A). 

Some tumors were composed of smaller 
spindle cells. Within a particular tumor 
the picture was fairly consistent, but from 
tumor to tumor there was great varia- 
bility, and in some there was extreme var- 
iation in cell size, form, and nuclear struc- 
ture. The spindle cells which made up 
the major portion of the tumor most closely 
resembled fusiform fibroblasts. The cells 
were generally larger than normal fibro- 
blasts, in section about 75y to 90y long 
and 10u to 12% wide, and difficult to 
measure because of their closeness to other 
cells. Their cytoplasm was lightly gran- 
ular and acidophilic. The nuclei were 
elongate, measuring about 8y wide and 
20u to 25y long, with gently curved ends, 
strongly stained periphery, and scattered, 
loose, granular karyoplasm. Each nucleus 
usually single nucleolus. 
However, in some instances two or more 


contained a 


nucleoli of small to moderate size were 
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encountered. The fibroblastic nature of 
the tumor was further manifested by the 
formation of interlacing bundles (fig. 2, B), 
the intimate association of each cell with 
reticulum (fig. 3, A), and the presence of 
fibroglial fibers. In areas the 
stroma was well-developed, as shown by 
Mallory’s aniline blue stain (fig. 3, B). 
The commonest variation from the straight 
interlacing pattern of cells was the forma- 


tion of fasciculi. 


many 


This may have depended 
upon the regrowth of tumor back into a 
partially necrotic area following the for- 
Rem- 


nants of the invaded tissue, such as muscle, 


mation of new granulation tissue. 


fat, bone, or kidney were found among the 
sarcoma cells. 

The fusiform neoplastic cells invaded 
the surrounding structures in broad sheets 
although. some areas showed individual 
cells pushing into the stroma between 
normal cells. In areas of solid penetra- 
tion, normal tissue was destroyed. Nerves 


were found which were almost completely 
atrophic; blood vessels which had _ been 


invaded thrombosed. When _ the 
sarcoma Cells invaded the skin, they pushed 
in about hair follicles through collagen 
and elastic fibers and destroyed them 
progressively towards the surface (fig. 
4, A). In other areas the tumor cells ac- 
tually invaded the epidermis and grew 
through it. 


were 


In the bone the periosteum 
was first attacked, resulting in partial or 
total destruction; the invasion then pro- 
ceeded directly, with cortical destruction 
and bone-marrow-cavity involvement (fig. 
4, B). Muscle was infiltrated and de- 
stroyed by growth between and around the 
fibers, which were destroyed as the tumor 
progressed (fig. 5, A). The kidney was 
invaded from the capsule inward, and the 
tubules were destroyed. Glomeruli were 
surrounded, and the capsular spaces be- 
came filled with tumor, and capillary 
tufts were compressed and obliterated, 
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Ficure 2.—A, Section from a primary N strain tumor showing the elongated spindle cells and regularity 
in cell pattern. The character of the cells and nuclei are shown, as are three mitoses. Verhoeff-van 
Gieson stain. > 1600; B, Section of an N strain sarcoma showing whorls and interlacing elongated 
cells. Phosphotungstic acid-haematoxylin stain. X 1600. 
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Ficure 3.—A, Section from an N strain sarcoma taken through the longitudinal axis of the cells, showing 
how the reticulum fibers are split about single sarcoma cells. Laidlaw’s reticulum stain. >< 1600; 
B, Section from an N strain tumor showing well-developed stroma. Méaallory’s aniline blue stain. 
1600. 
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FicurE 4.—A, Section from N strain tumor showing invasion of the skin by the sarcoma. Most of the 
structures in the corium are involved. The sarcoma cells have grown about a hair follicle to the right 
and are approaching the epidermal layer at the upper left; B, Section from L strain tumor showing 
invasion of bone marrow by sarcoma, with destruction of myelopoietic tissue. This section was 
taken from the pelvis. No remaining myeloid cells could be found in the bone-marrow cavity which 
lies above the large spicule of bone. Both A and B stained with haematoxylin and eosin. X 310. 
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Ficure 5.—A, Section from L strain tumor showing how the muscle fibers become atrophic and are 
finally destroyed; B, Almost complete destruction of the kidney structure. Some tubules are still 
seen at the right. Both A and B stained with haematoxylin and eosin. X 310. 
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being replaced by the tumor (fig. 5, B). 
When the invading cells reached the ureter 
first a hydronephrotic cortex resulted. 
The intestines were invaded from the 
serosa inward to and through the mucosa, 
pushing the glands aside and destroying 
them (fig. 6, A). The pancreas was in 
some cases almost totally destroyed, in 
others separated fragments of acini or 
islets remained, and the sarcoma cells had 
approached through the interstices of the 
pancreas (fig. 6, B). The splenic capsule 
was invaded and in one area destroyed 
(fig. 7, A). No metastases were ever found 
in lymph nodes, and aside from hyper- 
plastic changes even the regional lymph 
nodes lying directly beside the tumors 
were not invaded. Figure 7, B, shows the 
single exception, a node that was almost 
destroyed by direct extension of the tumor. 


Microscopic Stupies OF METASTASES 


In structure the metastases did not differ 


fundamentally from the tumor of origin 
except for the lack of necrosis and hemor- 
rhage. The solitary questionable liver 
metastasis encountered lay directly be- 
neath the capsule in a circular area and 
had destroyed all liver tissue in the area. 
The lung metastases were of vascular 
origin. One large vessel filled with tumor 
thrombus was found in the lung. Figure 
8, A, shows clearly the way the sarcoma 
cells grew out from the walls of the vessel 
in a circular fashion and invaded and 
destroyed surrounding alveoli. The pleura 
was invaded, but the sarcoma had not 
extended beyond it. It was possible to 
confirm microscopically that in the cases 
showing metastases the tumor of origin 
was highly necrotic. 

Necrosis was of common occurrence in 
all tumors beyond the first and second trans- 
plants. Even this widespread necrosis 
within a tumor produced very little cel- 
lular exudate. Along the edge of some of 


the sarcomas was a band of pyknotic poly- 
morphonuclear leukocytes. Necrosis must - 
occur slowly in these tumors, for even in 
those with the most recent areas of necrosis 
chronic and partially regrown areas were 
found (fig. 8, B). At most sites the rem- 
nants of necrotic cells were marked by 
pyknotic and karyorrhectic tumor cell 
nuclei and small scattered groups of leuko- 
cytes. Fresh hemorrhage was sometimes 
found. However, more often older areas 
of hemorrhage were marked by great 
masses of large macrophages laden with 
golden brown granular pigments. Grow- 
ing into these areas was abundant, loose, 
granulation tissue, which was often mis- 
taken, grossly, for hemorrhages. Small 
bands of hemorrhage lay between the 
granulation tissue and the living sarcoma 
cells. In still other areas fibroblasts and 
adult fibrous connective tissue were found, 
forming small, well-defined scar areas. 
Edema of both tumor and granulation 
tissue was common. It was observed that 
the more fasciculated portions of the sar- 
coma almost invariably lay next to gran- 
ulation tissue. This suggested that fascic- 
ulation resulted when sarcoma grew out 
into new granulation tissue. 


VARIABILITY OF CYTOLOGIC PATTERN 


As mentioned previously, the greatest 
degree of variation of cytologic pattern 
was found. While this variation could in 
part be correlated with the length of time 
the parent tissue culture had been exposed 
to methylcholanthrene, nevertheless there 
was considerable variation within each 
series. In spite of the fact that the cells 
used were originally of the same tissue- 
fibroblast-culture origin, there was a dis- 
tinct variation of cell pattern in the tumors. 
The following patterns were seen: round 
cell (fig. 9, A), angiomatous (fig. 9, B), 
neurogenic type (fig. 10, A), giant-cell 
type (fig. 10, B), and myxomatous (fig. 11, 
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Ficure 6.—A, Section of L strain tumor. The serosal edge of the small intestine is indicated by the 
lower border of figure. The sarcoma cells had not broken through the final layer of gland cells into 
the lumen in this section, but in others they had; B, Section from same tumor as in A, showing what 
remained of pancreatic acini. The tumor had also involved the intestine and serosal coat of the 
stomach. Both A and B stained with haematoxylin and eosin. X 310. 
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Ficure 7.—A, Section from same animal as that shown in figure 6. A faint line indicates what remains 
of the splenic capsule; B, Another strain L tumor. The rim of lymphocytes is all that remains of a 
regional lymph node invaded by the sarcoma. Both A and B stained with haematoxylin and eosin. 
x 310. 
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Ficure 8.— A, Metastasis to the lung, of an O strain tumor. This illustrates the growth of sarcoma from 
an artery in the lung. The only alveoli to be seen are the atelectatic ones in the lower left-hand corner ; 
B, Section from O strain tumor showing the edge of a necrotic area into which granulation tissue has 
grown. The gray masses of cells at the top are macrophages filled with pigment. Both A and B 
stained with haematoxylin and eosin. X 310. 
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Ficure 9.—A, Section from N strain tumor showing round-cell type. > 1600; B, Section from H strain 
tumor showing angiomatous type. X 310. Both A and B stained with haematoxylin and eosin. 
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Ficure 10.—A, Section from L strain tumor showing neurogenic type. Note well-defined fasciculated 
structure. > 310; B, Section from O strain tumor showing large giant cells with large nuclei. 
Marked irregularity in cell pattern, similar to giant-cell tumors. > 1600. Both A and B stained 
with haematoxylin and eosin. 
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Figure 11.—A, Section from L strain tumor, myxomatous type. Marked variability in cell size, with 
abundant, loose, edematous, intercellular tissue. B. Section from O strain tumor showing a type of 
giant cell with multinucleation without much nuclear enlargement. Both A and B stained with 
haematoxylin and eosin. X 1600 
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A). A detailed consideration of each 
strain, D (control) through H, J, L, N, and 
O will clarify.this, and it will also bring out 
the cel] changes that may safely be attrib 
uted to the methylcholanthrene treat- 
ment of the original cultures. 


HIsTOPATHOLOGY OF THE VARIOUS STRAINS 


To fashion a comparative histologic 
basis, the following microscopic charac- 
teristics were studied and compared within 
each strain and from strain to strain: (1) 
The variability of the cell pattern, whether 
the cells were large or small, how they were 
placed, whether loosely or tightly, and the 
constancy of their arrangement; (2) the 
capacity of the cells to invade; (3) the 
amount of necrosis; (4) the number of 
mitoses (estimated per high-power field); 
(5) the number of giant and aberrant 
mitoses; (6) the occurrence of multinu- 
cleate cells and giant cells with enlarged 


nuclei; and (7) metastases. 


Strain D 


Strain D cultures were originally carried 
as controls. ‘The possible explanations for 
their growth behavior are considered in 
the preceding papers (7, 2). Microscopi- 
cally, the tumor induced with this strain 
compares most closely with that of the H 
and J strains. Of all strains studied, strain 
D tumor had the most even and consistent 
biologic pattern. Invasion of muscle 
fibers by cells was found but was minimal. 
There was minimal necrosis. Tumors 
induced by this strain had fewer mitoses 
than those of the H strain. No metas- 
tases were found, and significantly, no 
multinucleated giant cells or large, single 
nucleated giant cells, and no aberrant 
mitotic configurations. Fasciculated struc- 


tures were at a Minimum. 





Strain H 


In the H strain tumor, mitoses were 
numerous. Invasion was present, but 
some of the deep injections showed a 
definite tendency of this tumor, unlike 
those seen later in the L, N, and O strains, 
to grow about an organ or structure rather 
than to invade it directly. Necrosis was 
about the same in quantity as in the D 
strain tumor, but for the first time a single 
case showed very few, poorly formed, 
multinucleated giant cells, which possessed 
nuclei normal in appearance. In this 
strain no greatly enlarged nuclei or aber- 
rant mitoses are found, nor have any 
metastases appeared. There is a_ sug- 
gestion of somewhat greater variability in 
the cell pattern than in the D strain. 


Strain J 


‘he J strain tumor differs only slightly 
from that of the H strain, with somewhat 
more abundant necrosis and a slight in- 
crease in the occurrence of fasciculation of 
cell groups. Numerous mitoses were ob- 
served. No metastases were found. 


Stratn L 


Strain L is interesting from the stand- 
point of the first occurrence of metastases 
and a more malignant alteration of the 
sarcoma cells. The ability of the sarcoma 
cells in strain L tumors to invade was 
markedly greater than in any of the strains 
previously considered. The musculature, 
bone, kidney, and intestinal] tract were in- 
vaded indiscriminately. In one case the 
pancreas was almost destroyed, and in 
another the capsule of the spleen had been 
invaded. Three certain cases of lung 
metastases occurred, with the possibility 
of a fourth to the lung and mediastinum. 
There was some uncertainty about this 
last case because of the possibility of direct 
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mediastinal extension from a heavily in- 


vaded peritoneum. Numerous mitoses 


were observed. 

Typical case report, C-511.—Grossly, the largest 
mass was found to occupy the site of the left kidney 
and the greater part of the left side of the abdomen, 
It was very firm, nodular, and gray-white in 
color. There were multiple accessory masses 
scattered throughout the abdomen; one at the 
root of the mesentery had grown to the posterior 
wall of the stomach and involved the pancreas 
and spleen; one small mass was at the lower pole 
of the right kidney; and a small tumor 2 mm. in 
diameter was found in the lower lobe of the left 
lung. The microscopic examination showed that 
the fibrosaroma had invaded widely throughout 
the abdomen and was metastic to the left lung. 

There was a little more necrosis than in previous 
strains, and mitoses were abundant. The varia- 
bility in cell pattern compared closely with that 
of the N strain. Scattered giant cells with large 
nuclei were found. 


Strain N 


In contrast with the tumors of the pre- 


vious strains, the strain N tumors began to 


show considerable irregularity in cell 
pattern. Necrosis was variable in appear- - 
ance; and many tumors were free of it 
while others were found to be almost 
totally necrotic. Large giant cells with 
large nuclei were found more often than 
in the L strain. No metastases were 
found. Many tumors in this group were 
of the small-cell type. 


were observed. 


Numerous mitoses 


Strain O 


The O strain tumor showed a most 
radical departure in architecture from the 
tumors of the strains previously described. 
It presented an unusual picture, with large 
areas of necrosis mixed with numbers of 
multinucleated giant cells (fig. 12), all 
kinds of aberrant and bizarre mitoses, 
and great variability in cell pattern. In- 
vasion was present, and with one excep- 
tion no metastases were found. In this one 
case multiple metastases occurred. 





Ficure 12.—Section of strain O tumor showing the type cytologic picture commonly encountered in this 
strain. Haematoxylin and eosin. X 1600. 
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Autopsy report, C—3470.—The original O strain 
tumor was situated about the left thigh. It meas- 
ured 37 x 35 x 23 mm., was very soft, and on 
section showed widespread necrosis. The pelvis 
appeared to be invaded although no abdominal 
masses were found. The spleen was visibly en- 
larged. The cisterna chyli was thickened and 
filled with milk-white fluid. A chylous ascites 
was present. No obstruction of the duct could 
be found. The lungs showed a number of gray 
nodules, 2 x 2 x 3 mm., lying chiefly beneath the 
pleura of the left lung, but also in the right lung. 
A gross diagnosis of sarcoma with possible lung 
metastases was made. Microscopic examination 
revealed an invasive, highly necrotic sarcoma, 
with calcification, bone formation, many giant 
cells, and multiple metastases to the lung. 


DISCUSSION 


Summarizing the microscopic picture as 
seen in these autopsies, we have a group of 
animals in which the general histologic 
picture was essentially normal except for 
the tumor and its effects. In a number of 
animals follicular hyperplasia of the spleen 
was found, and the lymph node in the 
tumor region was often so changed. Other 
incidental lesions found were common to 
young animals. In the tumors themselves, 
the histologic characteristics were essen- 
tially those of a sarcoma whose morphology 
was altered by two factors: (1) The length 
of time the original culture was in contact 
with the methylcholanthrene was asso- 
ciated with a change in the cell pattern; 
and (2) the necrosis tended to be increased 
after the second tumor subinoculation. 

Of these two factors, the former was more 
important in changing the cytologic pat- 
tern. The length of time that the carcin- 
ogen acted on the cells was correlated with 
the morphologic picture of the treated 
cells, as described in the preceding papers 
(7,2). It also determined the pattern and 
behavior of the tumors that resulted from 
the injection of these cells. Thus, at low 
time-concentration doses invasive capacity 
was limited, mitoses were numerous but 


normal, and metastases did not occur. 
There was little variation in cell pattern, 
and there were no giant cells. With 
greater carcinogen dosage (as shown in 
strain L), there were numerous giant cells, 
an increased variability of cell pattern, 
increased invasiveness by the tumors, and 
the occurrence of metastases. With ex- 
treme carcinogen dosage (as, for instance, 
in tumors arising from strains N and O 
cells), there was an even greater variability 
of cell pattern. Giant cells became much 
more numerous, and abnormal nuclei and 
aberrant mitoses were common. Necrosis 
was increased, and there was a marked 
reduction in the number of metastases. 

Why such a reduction of metastases 
should occur in the most advanced stages 
of carcinogen treatment is not clear because 
the primary tumors of strains N and O 
grew at such a rate that mice carrying the 
tumors lived at least as long as mice carry- 
ing the L strain tumors which showed such 
frequent metastases. If rapidity of growth 
of the primary tumor were the controlling 
influence, the H strain tumors certainly 
increased in size more rapidly than did the 
L strain, yet they showed no metastases. 
If, however, it can be confirmed in further 
work that there is such a regular reduction 
in the number of metastases from the 
tumors, the cells of which are morpho- 
logically the most greatly altered, the find- 
ing must be taken into serious considera- 
tion in predicting the clinical behavior of 
a neoplasm. 

The large group of tumors seen grossly 
(578) and microscopically (285) is con- 
sistent in behavior and morphologic attri- 
butes. The tumors fall into the well- 
defined category of sarcomas, the origin 
of which is connective tissue. Their struc- 
ture is similar to those known to have a 
spontaneous origin (3, 4, 5, 6), and to those 
induced by direct injection of a carcino- 
gen into the subcutaneous area. ‘They are 
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also similar in most respects to the sar- 
comas encountered in man. The great 
majority of them are of the Jarge spindle- 
cell variety, although variants of small 
spindle cells are common. The large 
numbers of unusual cell forms in tumors 
produced by the injection of cultures 
treated longest with methylcholanthrene 
may be found in sarcomas but are not 
usual. Additional evidence derived from 
special stains points unmistakably to their 
sarcomatous nature. The wide variability 
in all tumor types, even though they all 
arose from a single tissue culture of fibro- 
blasts, emphasizes that our ideas concern- 
ing special morphologic characteristics 
supposed to distinguish various types of 
sarcomas in man may need revision. 

For comparison, there was a final small 
group of C3H mice which received sub- 
cutaneous injections of methylcholanthrene. 
The sarcomas thus produced were similar 
to the tumors obtained by inoculation of 
the tissue cultures of the various strains, 
except that their structure was ofa small- 
This group most closely re- 
sembled the small-cell sarcomas from the 


cell type. 


N strain. 
SUMMARY 


Sarcomas were produced in normal 
young C3H mice by the injection of 
mouse fibroblast cultures which had been 
treated with 20-methylcholanthrene. 
These sarcomas were characterized grossly 
and histologically and found to be simi- 
lar to sarcomas previously reported as 
having arisen spontaneously or as having 
been induced with carcinogens in mice 
and other species of animals. The neo- 
plasms had the ability to invade surround- 
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ing structures and produce metastases; in 
advanced cases death of the animal resulted. 

The histologic pattern of the tumors 
became more irregular the longer the 
original tissue culture remained in con- 
tact with the carcinogen. Tumors pro- 
duced by cultures which had only a very 
short exposure to carcinogen showed 
more limited invasive capacity, numerous 
mitoses, slight variability of cell pattern, 
no giant cells, appreciable 
number of abnormal mitoses, nor were 


and no 


metastases produced. 
Tumors from cells subjected to carcino- 
gen for a longer interval (strain L) showed 
increased increased varia- 
bility of cell pattern, the presence of giant 
cells and some abnormal mitoses, and the 
occurrence of a number of metastases. 
Tumors from cells subjected for an even 
longer time showed even greater variabili- 
ty of cell pattern, numerous giant cells, 
and great numbers of distorted nuclei and 
abnormal mitoses. 


invasiveness, 


Only one instance 
of metastasis was recorded. Necrosis was 
increased over that in tumors arising from 
cells exposed to carcinogen for short 
intervals. 

Five cases of metastases occurred from 
tumors produced by injection of cells 
subjected to carcinogen 111 days (strain 
L), whereas only a single case of metastases 
was found from tumors produced by in- 
jection of cells subjected to carcinogen for 
184 to 406 days. 

The tumor types 
originating from one original tissue cul- 
ture of fibroblasts indicates that our ideas 
of the special morphologic characteristics 
distinguishing various types of human sar- 
coma may need revision. 


wide variation in 
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